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INTRODUCTION
The retail value of the motor fuel consumed in
the United States in 1937 was between $4,100,000,000 and
$4,300,000,000.2 This sum was about 6 per cent of the
national income received in 1937, which is almost twice
the corresponding percentage for 1926 and over three times
the corresponding percentage for 1921. Measured volumet-
rically, our consumption of motor fuel in 1937 was 519 mil-
lion barrels (of 42 gallons each), or 21.8 billion gallons.
This is about 170 gallons, or over $33 worth, per person;
and 735 gallons, or $145 worth, per registered motor vehicle.
Motor fuel c'onstitutes from 42 to 45 per cent of the total
volume of all petroleum products produced or consumed in the
United States. Fuel oil is the only other petroleum pro-
duct which approaches it in volume. Motor fuel is, there-
fore, one of our most important single commodities, exceed-
ing in value even the sales of new automobiles.
1/The best average retail gasoline price available for
1937 is 19.79 cents a gallon. As will be shown later, this
price is probably about 1 cent too high. Hence the uncer-
tainty as to total retail value. It should be pointed out
that about 20 or 30 per cent of all motor fuel is not sold
at retail prices, but is sold directly to users at whole-
sale prices. ("Gasoline" and "motor fuel" are used synony-
mously here and throughout this paper, except as noted.
Actually, motor fuel includes refined gasoline, natural
gasoline, and benzol, but the proportion of benzol is very
small.)
(12)
INTRODUCTION 13
The United States is the largest producer of petro-
leum and petroleum products, as well as the largest consumer.
We produce about 65 per cent of the nearly 2 billion barrels
of annual world output of petroleum, and we consume about
95 per cent of what we produce. For three-fourths of the
automobiles in the world are owned by Americans. In most
other countries, largely because of the high prices of gaso-
line - 60 cents a gallon or more in some instances - auto-
mobiles are too expensive to operate. Hence the reason
for Europeans owning only 7,500,000 automobiles, compared
to our 29,000,OOOV but 2,000,000 motorcycles, compared to
our 95,000.
Study of the motor-fuel market in the United
States should therefore prove worth while, not only from
the business point of view but also from the social and
economic point of view. The seller of motor fuel would
be benefited by the determination and measurement of fac-
tors which would assist him in making better adjustment
to future demand of plant, of output, and of sales effort.
This in turn would lower economic and social costs by
U. S. registrations as of Dec. 31, 1937, were 29,650,-
000; number of motor vehicles in operation on that date
was less than this number by the number scrapped during
1937.
- 1 -5 - - , - __ - - NINON
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lessening those wastes which result from poor adjustment to
market demand.
More accurate knowledge of demand and the factors
affecting it would also permit more intelligent government
cooperation with and regulation of the industry. In the
case of state regulation of crude oil production, more
accurate knowledge of the factors affecting demand for the
principal finished product should enable more accurate
forecasts of crude oil demand to be made. The purposes
and policies of government regulation are not within the
scope of this study, but in so far as proration, either
state or voluntary, is based on expected future demand, a
more accurate knowledge of the factors affecting future
demand would permit more satisfactory production quotas
to be set. That proration is to some extent based on
demand is shown by the tendency for state "allowables"
to adhere to the United States Bureau of Mines recommen-
dations. These recommendations are based on monthly fore-
casts of demand for gasoline and other petroleum products.
If, by taking account of additional measurable influences,
the accuracy and reliability of these forecasts can be
See comparisn of a a of B M-- --s -f---- -
i"'See comparison of accuracy of Bureau of Mines forecasts,
p. 69
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improved, and if a basis is laid for annual, as well as
monthly, forecasts, proration on the basis of these fore-
casts should be more satisfactory. For producers could then
plan more accurately and also plan further ahead, thus per-
mitting more stable operation, smaller stocks, and more
complete utilization of productive capacity.
Finally, the quantity of data available lends
itself to economic analysis and to the testing of statis-
tical and economic theory, thus tending to bring these
sciences in closer relation to the world they deal with
in theory.
Other studies relating to the measurement of
gasoline demand are noted in the Bibliography. The only
comprehensive one that has come to the writer's attention
is that by H. A. Breakey of the United States Bureau of
Mines: The Measurement and Forecasting of Domestic Motor
Fuel Demand. In this study, United States monthly con-
sumption per motor vehicle in use is related to bridge
traffic and to business activity. A formula for forecast-
ing monthly consumption is thereby obtained. The Bureau
of Mines uses this general method of forecasting monthly
demand as a partial basis for setting production recom-
mendations.
The present study, therefore, is not a pioneering
job. It is an attempt at refinement of method. It sets
out to improve the accuracy of measurement of demand for
gasoline, both through the use of somewhat different tech-
niques than have been used and through inclusion of price
as a factor affecting demand. It does not develop a com-
plete forecasting method, but only deals with the inter-
relation of demand and certain factors influencing demand.
That is, the purpose is merely to provide a link to be used
in the process of forecasting.
The present study is based on annual instead of
monthly data. This procedure avoids the effects of sea-
sonal variations and of monthly trends. Although these
effects are important, this investigation is limited to
cyclical and to long-run effects. Estimates based on the
results here obtained would have to be modified to allow
for these short-run factors.
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Purpose of Investigation
The purpose of this investigation is to determine
the effect of a few selected factors upon motor-fuel con-
sumption, using statistical techniques. At the same time,
an attempt will be made to develop and to test methods which
will aid in forecasting consumption of motor fuel, in order
to provide the petroleum industry and government bodies with
a somewhat more accurate basis on which to plan future opera-
tions. The demand factors selected-for study are price,
motor vehicles in use, and purchasing power. These are chosen
as the principal independent variables which determine con-
sumption.
Necessity for Relating Motor-Fuel
Consumption to other Factors
A forecast of motor-fuel consumption cannot be
based accurately on past sales alone. Examination of Chart
A, page 59, will show that extrapolation of the trend of con-
sumption would have given estimates of consumption far dif-
ferent from actual in a number of years; while reference to
Table 21, page 86, will indicate that the deviations from
the trend in consumption per motor vehicle are too great to
permit basing forecasts on the trend alone.
In addition, factors causing deviations from the
trend in sales of motor fuel must be considered. ! Hence
!/The following discussion illustrates this point:
(18)
these factors must be estimated along with sales, the sepa-
rate estimates being used to check each other. This study
does not provide a method of making these separate esti-
mates, but it does provide a method of connecting them,
once made, to consumption. The problem of relating company
sales to total estimated sales in a given territory then
remains, and this must be worked out by the individual com-
pany.
major Divisions
of the Investigation
In Part I the determination of the average price
of gasoline in the United States is investigated in order
to check the reliability of existing price series and to
determine ways of improving present price data. In Part
II the general relationship between the demand factors and
consumption in the United States as a whole is studied.
In Part III the relationship between demand factors and
consumption in individual states is analyzed.
V. R. Garfias, Henry L. Doherty and Co.: "If you
guess what is going to happen to gasoline from what you
guess will happen to the business index, why not make one
straight gasoline demand guess?"
A. J. McIntosh: "The reason I predicate upon business
is because I think business is the dog that wags the tail
of motor fuel. . . . It is in trying to- understand how it
influences it, and to better understand the data we get
from the Bureau of Mines, that I play with it this way."
--McIntosh, A.J.: "Domestic Consumption of Motor Fuel,"
Transactions, A.I.M.M.E., Petroleum Division, 1935, p. 234.
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SUCTARY
The Av
Price
erage
of Gasoline
In Part I it is found that the unweighted average
retail price of gasoline used ordinarily as the national
average price is about one cent too high. This error does
not greatly affect the results obtained when using this
price, but a price weighted by state consumption figures
(and by monthly consumption figures, too, if practicable)
would be preferable. The 1935 weighted price, as computed
from separate data and by widely different methods, is found
to be 17.9 cents plus, as compared with the unweighted
average-of-50-cities price of 18.84 cents ordinarily used.
In this part of the study it is also shown that
prices generally tend to be higher in smaller towns, and
also in the South and West, mainly because of higher gaso-
line taxes and higher transportation costs. The need for
further investigation of prices in small places is indicated.
For the construction of indexes of state prices it is decided
that more quotations and the development of a method of
weighting local prices are desirable. The results indicate
that the existing data perhaps are adequate, if weighted,
to determine the national price; but since the study covert
one year only, this conclusion is only tentative.
20
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Nati onal Consumption
In Part II, the most important result obtained
is the determination and selection of the formula
V1 = -. 243V2 + 1.36V3 ~ 9.4'
where V1, V2, and V3 are link relatives of consumption,
price, and registrations, respectively, as the best connect-
ing link between factors determining demand and demand it-
self. The index of purchasing power is omitted because its
influence was found to be negligible. Interpreting the
formula, a 1 per cent change in automobile registrations
will cause a 1.36 per cent change in consumption, if price
is held constant; while a 1 per cent change in the retail
price of gasoline will cause a -.24 per cent change in con-
sumption, the variation being inverse in this case. Figures
for 1937 were not used in determining this formula, so a
"forecast," using known registration and price figures for
1937 was made. The forecast was 6,100,000 barrels, or 1.2
per cent, high. This is about the accuracy that can be
expected from the formula if it is recalculated each year
to include data.for the year just ended or just ending.
State Consumption
Part III takes up the study of factors affecting
gasoline consumption in particular states. Demand per motor
21
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vehicle registered is taken as the dependent variable. Be-
cause of the lack or inadequacy of reliable data on prices
and purchasing power by states, the effects of these factors
are not thoroughly investigated. But various price series
and indexes of purchasing power are compared with consumption
per vehicle, and the work of collecting or compiling these
series paves the way for further study of these factors
along the paths already developed.
The chief contribution of Part III is the dis-
covery and measurement of a possible effect of changes in
registrations upon demand for gasoline per automobile re-
gistered. It is found that if registrations increase by
more than an average percentage, consumption per vehicle
tends to fall below the trend; while if registrations in-
crease by less than the average percentage, or if they de-
crease, then consumption per vehicle tends to exceed the
trend. This effect is measured for several states and found
to be very marked in some. In other states, however, it is
found to be either non-existent or obscured by other fac-
tors. Some of these other factors are tested out, but it
is found that prediction of demand for individual states is
much less accurate than prediction of demand for the country
as a whole. This is probably due to greater inaccuracy of
data for individual states and to the interdependence of
22
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onsumption in one state being affected by tour-
rom other states.
ions and
ndations
1. The calculation of the average price of gasoline
for the United States requires larger samples of quotations,
proportional selection of price quotations by size of city
and by geographical location, and weighting of quotations by
state and possibly monthly consumption.
2. More extended information and additional study
of prices would prove useful.
3. The most accurate statistical method of esti-
mating national gasoline demand from estimates of the fac-
tors which influence demand is to relate relative changes in
consumption to relative changes in price and in motor vehicle
regi strati ons.
4. Consumption of gasoline per motor vehicle re-
gistered deviates from the trend in inverse relation to per-
centage changes in registrations. Allowance for this effect
usually reduces the error in estimates of consumption for
individual states based on forecasts of automobile registra-
tions.
5. More adequate and more reliable indices of
prices and purchasing power are needed for individual states
in order to improve the accuracy of estimates of demand.
PART I
THE AVER3AGE PRICE
OF GASOLINE IN THE UNITED STATES
THE AV
PART I
ERAGE PRICE OF GASOLINE IN THE UNITED STATES
The Problem of
Which Price to Use
The selection of the price to use involves con-
siderable compromise. That price should be chosen which
affects the market being studied. But to study total con-
sumption of gasoline is to study more than one market.
The average motorist buys at retail, but the industrial,
commercial, or governmental user buys at tank-car or tank-
wagon prices. These various markets cannot be separated
because no adequate data are available on the quantities
(25)
In selecting factors to correlate with motor-fuel
consumption, price of gasoline was considered a priori on
economic grounds to be one of the important factors. Since
there is no central market price established for gasoline,
as there is for cotton and wheat, a national average price
had to be used. The question then came up, what is the
national average price? In this section the various prob-
lems involved in determining such a price are pointed out.
Available price data are used to test the accuracy of exist-
ing price series. In the process of the investigation the
causes of retail price differentials are clearly brought
out, and several interesting conclusions are derived there-
from.
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consumed in each market. We could use the wholesale
price and consider ordinary consumer demand as equivalent
to dealer demand; but dealers' margins, being variable,
would then be an additional factor affecting demand and we
would not have avoided consideration of the retail price.
Since the retail market is the largest market, the retail
price is used, thus assuming that the industrial or com-
mercial buyer incurs about the same expense as the filling
station operator in storing and handling the gasoline he
purchases.
But there is the additional problem of what grade
of gasoline is to be priced. If the proportions of each
grade were known, a weighted price could be used; but the
proportions are not known. One confidential estimate from
a reliable source places the average percentage of standard
grade gasoline (62-69 octane) produced between 80 and 90
per cent of the total, with the percentages of premium and
third grade gasoline about equal. But these percentages
vary considerably. Furthermore, the percentages sold as
2 iConfidential estimates place the proportion of motor
fuel sold to industrial and commercial consumers and to
governmental bodies at tank wagon or tank car prices some-
where between 18 and 30 per cent of all sales.
"A continuing decline in the proportion of premium
grades of gasoline and oil was witnessed in 1932. For
seven large marketers in the Middle West, the proportion
PART I
premium or standard or third grade gasoline may not equal
the percentages produced because of blending by dealers or
the using of one grade to fill the demand for another grade
when supply falls short of demand. But the best that can
be done is to use the price of standard gasoline as repre-
sentative of all prices.
But even after deciding to use prices of standard
grade gasoline, there is still the problem of obtaining
those prices. Retail price quotations are available for a
large number of cities, though not for as many as when most
major companies operated chains of gasoline stations. But
it is well known that in a given city price differentials
between stations prevail for considerable periods, many
of premium gasoline fell from 24 per cent of the total sales
in 1931 to less than half of that percentage for 1932; in
September, 1932, it was only 10 per cent. For these same
companies, the proportion of third-grade gasoline in the
same month was approximately 26 per cent." - S. A. Swensrud:
"Factors Affecting the Demand for Gasoline over the Next
Few Years: A Study of Automobiles in Use," Transactions,
A.I.M.M.E., Petroleum Division, 1933, p. 63.
It is probable that the demand for premium gasoline
has declined over the past few years because drivers have
found standard gasoline entirely satisfactory and partly
because the average octane rating of gasoline in the 62-69
octane range has been raised to the upper part of the
range. The larger percentage of third-grade gasoline given
above than in the text may be due to the possibility that
the former estimate does not include small refiners operating
skimming plants, and to the possibility that much standard
gasoline was sold as third grade because of the increased
demand for third grade. (Note the resulting price discrim-
ination.)
27
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independent stations, for instance, regularly selling
below prices of major companies. Furthermore, prices
actually charged are often not the posted prices, for there
may be price reductions granted to special customers.V
Still another element which detracts from the
accuracy of any price which is used is the fact that about
10 or 11 per cent of the gasoline sold is not for highway
use and is therefore subject to a refund of the tax in most
states. But since the aggregate percentage of gasoline used
for non-automotive purposes does not vary greatly from year
to year, the resulting error may be considered fairly con-
stant and therefore safely neglectible.
All of these factors are sources of errors which
are not easily measurable. Those which tend to be compen-
satory can be overlooked, although the majority of them
probably tend to lower the actual average price. These un-
compensated errors must be considered as among the reasons
for imperfection in the results obtained.
The American Petro-
leum Institute Price
At the present time, the American Petroleum Insti-
tute, the national association of petroleum producers, com-
a"Independent" is used here to include individually con-
trolled stations or stations controlled by small producers.
/See Irene Till, "Gasoline - The Competition of Big Busi-
ness," Section IV in Price and Price Policies by Walton
Hamilton and others.
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piles a retail gasoline price series for the United States.
This price series is given in Table XI, Appendix A. It is
a simple average of the prices (excluding tax) posted by
major companies on the first of each month in 50 cities.i/
To the average thus obtained for each year is added the
average state and federal tax for the year to obtain the
average retail price.
This method of obtaining an average price is open
to several objections, all based on the grounds that the
sample chosen is inadequate and unrepresentative. Are 50
cities representative of the 16,598 incorporated places in
the United States, or even of the 1,833 incorporated places
with a population of over 5,000, not to mention the rural
areas where over 44 million people live? Are 12 days rep-
resentative of 365? How much would weighting for seasonal
variation in consumption affect price? for variations in
consumption between states? Is the sample biased because
the larger cities and towns were necessarily chosen?
The Need for a More
Accurate Average Price
But before trying to determine a more accurate
average price we might notice the relative effect of an
error in the average price. In the first place, if the
i1 ne city from each state and the District of Columbia,
excluding New Hampshire, is included. An additional city
from Illinois, and also from Minnesota, is included.
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price used were above or below the actual price by a constant
amount each period, the error would have no effect upon a
correlation of deviations from the mean price. Only varia-
tions in the amount of the error would have an effect.
Suppose the maximum variation in error to be 0.2 cents.
Then, since the coefficient of price is 5.47,-' the corres-
ponding error would be 109 thousand barrels, or 0.3 per
cent of the average consumption, 377.1 million barrels. A
variation of 1 cent would result in an error of 1.5 per cent.
But in the case where link relatives are corre-
lated, both a constant error and deviations in the amount
of error would affect the results because the percentage
changes in price, which are the figures actually correlated,
would be unequally affected by an error. Their effect would
still be very slight, however, especially since the coeffi-
cient of V2 , the link relative of price, is comparatively
small.
A more accurate price series, therefore, probably
would not greatly improVe the results of the correlations
unless perhaps it improved the correlation itself. Never-
theless, the following investigation of retail prices in
-~~~~~ I- -------------- -- -- -- -- -- -- --
The regression equation (p. 63) is:
X1 = 5.4712 + 31.3X3 - 1.56 X4 - 390.0.
a/The regression equation (p. 65) is:
V 1 - .216V2 + 1.45V3 - .039v - 16.9.
PART I
the United
structing a
conclusions
series can
Effect
of Wei
31
States, and the development of a method of con-
weighted price, leads to several interesting
and shows how the compilation of the price
be improved.
on Calculated Average Price
ghting by State and Monthly Consumption
The American Petroleum Institute, by the method
described above, obtains a price of 16.98 cents for 1931.
By taking, instead of the first-of-the-month price for each
city, the average price during the month for each city,2"
and averaging the monthly prices and city prices, the result
16.92 is obtained, which is not sufficiently different in
this case to warrant the extra calculation, except that the
annual city prices are decidedly more accurate. Weighting
these annual city prices by state consumption gives a nation-
al average price of 15.96 cents. Weighting both by state
consumption and by monthly consumption for the United States2/
!/The simple average of the daily prices determined from
the price changes and dates of change as given in the Oil
and Gas Journal, Jan. 28, 1932, p. 89, with state and Teder-
al taxes added in. Only one city in Minnesota and only one
in Illinois are used, however, while a city from New Hamp-
shire is added, so that a total of only 49 cities, instead
of 50, is included.
2/Theoretically the monthly price for each city should be
weighted by the state consumption for that month. Conform-
ance to this procedure would greatly increase the amount of
work because 49 x 49 weights would be used instead of 49 x
12. It can be shown that if seasonal movements in consump-
tion are somewhat uniform from state to state, the error
MW
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gives 15.83 cents for the 1931 price. Because prices were
lower in the summer in 1931, weighting by monthly consump-
tion lowered the average price obtained by 0.13 cents.
And because consumption was heavier in those states with
lower prices, weighting by state consumption meant a
difference of 0.96 cents.
The 1935 price calculated by the American Petro-
leum Institute was 18.84 cents, including taxes. Using
daily prices 1 instead of first-of-the-month prices gives
a figure of 18.88 cents, only 0.04 cents higher. Weight-
ing by state consumption gives 17.88 cents, or 1 cent less.
Weighting by states, and by monthly consumption for the
introduced by the short-cut method is negligible. Several
small scale tests indicated that the resulting error in the
national average would seldom, if ever, be greater than
0.05 cents.
State consumption weights used were those which appear
in Table VI-A, Appendix A; monthly consumption for 1931 and
1935 is given in Table V, Appendix A. The totals of the
state figures for each year are considerably different from
the total United States indicated consumption figures, thus
introducing an error in weighting because the figures for
the individual states are in error by various amounts. No
better breakdown by states, however, is available.
21/Data are at hand for 1935:,- Seven states, N.Y., Calif.,
Penna., Ill., Ohio, Texas, and Mich. used 46.2 per cent of
the gasoline. Another seven, Idaho, Utah, N.M., Vt., Wyo.,
Del., and Nevada, used only 2.1 per cent. The simple aver-
age price for the first group was 17.18 cents; for the
second it was 20.83 cents; and for the nation as a whole,
18.88 cents.
'fDetermined from the price changes and dates of change as
given in the oil and Gas Journal, Jan. 30, 1936, p. 75, with
taxes added in.
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United States, gives 17.93 cents. Seasonal variation in con-
sumption caused the average price to be .05 cent higher
because of higher prices during the summer and latter part
of the year, when consubption is heavier. Weighting by
state consumption meant a difference of 1.0 cents. These
various prices are compared in Table 1 below:
TABLE 1
COMPARISON OF NATIONAL AVERAGE GASOLINE PRICES
OBTAINED BY VARIOUS NETHODS
A.P.I. average price (incl. tax)
Unweighted daily average
Daily average weighted by annual
state consumption
Daily average weighted by annual state
and U.S. monthly consumption
Cents per Gal.
1931 1935
16.98 18.84
16.92 18.88
15.96 17.88
15.83 17.93
The 1931 simple average price was 1.15 cents above the
weighted price, the 1935 simple average price .91 cents
above. This is a variation in error of .24 cent, and cor-
responds to an error of .3 per cent in consumption estimates.
If this amount is near the average variation in error, the
resulting average in error in estimates of consumption would
then be about .3 per cent. It is recommended, however, that
33
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the American Petroleum Institute weight its average prices
of gasoline.
Determination of Average
Prices in 164 Cities
As a first step in examining the representative-
ness of the 50 cities used as a basis for the American Petro-
leum Institute prices, the 1935 annual average prices for
164 places was computed from the weekly quotations given in
the Oil Price Handbook. These annual prices are the
simple averages of the 53 weekly price quotations (December
31, 1934 to December 30, 1935, inclusive) on standard grade
gasoline as reported by the major companies in their respec-
tive marketing territories. The Standard Oil Company of
Ohio posts statewide prices, but variations in each county
are given in the notes on local changes. Hence prices for
ten cities in Ohio were obtained. Prices for the four New
York City boroughs other than Manhattan were obtained from
the notes on local changes made by Standard Oil Company of
New York.
Although the exact dates of all changes are given
in the Handbook, weekly prices were used because a careful
comparison showed that the average of weekly prices seldom
YNational Petroleum News Publishing Company: Oil Price
Handbook, 1935.
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varied more than .03 cent from the average daily price. No
monthly or seasonal weights were used because consumption
data are not available by cities.
For Little Rock, Hartford, New Haven, Boston,
and Providence, quotations of two different companies were
given. There was no difference in the Little Rock, Hart-
ford, or New Haven quotations. Atlantic Refining Company
was .26 cent higher than Standard Oil Company of New York
for the year in Boston. In Providence they were .09 cent
lower. The higher figure was used in each case.
The 164 annual prices are given in Table XIV,
Appendix A. The city prices were averaged by states, with-
out weighting, to obtain state prices. The state prices
are given in Table XV, Appendix A. The unweighted mean of
the state prices gives a price of 18.93 cents for the na-
tional average price, just above the price of 18.88 cents
obtained by averaging the daily average prices for 49 cities.
(However, local taxes are not included in the latter prices.)
Weighting by state consumption gives a price of 17.96 cents,
or .03 cent higher than the similarly weighted mean of 49
cities. The simple average of the 164 city prices is 18.91
cents, and the average weighted by city population is 17.70
cents. But population is not a good weight, because the
very large cities have fewer than average automobiles per
inhabitant.
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Representativeness
of the 164 Cities
The close correspondence between the prices based
on 49 cities and those based on 164 cities indicates the re-
liability of the sample of 49 (if weighted). But this corrob-
oration may be an accident; we are not sure that either
sample is adequate. Comparisons for other years would be
necessary to satisfactorily determine the reliability of the
sample of 49. But we can more fully, but not completely,
establish the reliability of the sample of 164.
First we can investigate the extent of coverage
of the 164 incorporated places. They contained, in 1930,
36,646,000 people out of 78,158,000 in all incorporated
places. Their trading areas contained over 50,000,000
people in incorporated places and several million in unin-
corporated and other rural places (Table 3).
Classifying the cities into size groups, they are
found to contain varying percentages of the population in
each size group (Table 2). The sample of 164 places also
containsvarying percentages of the number of places in each
size group. The 164 places constitute less than 1 per cent
of the total number of incorporated places in the United
States in 1930. The 162 with 5,000 people or more, however,
constitute 8.8 per cent of the 1,837 of that class. The
numbers and populations in 1930 are given in Table 3.
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50,00
25,00
10,00
5,00
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TABLE 2
ION OF POPULATION OF CITIES OF VARIEUS SIZES
INCLUDED IN 1 6 0 a SELECTED CITIES
Per Cent of Total
Population Living in Cities
Included in Sampleize Group
1,000,000
1,000,000
500,000
250,000
100,000
50,000
25,000
10,000
5,000
2,500
100
100
89
71
31
13
5
aCounting 5 New York boroughs as 1 city.
bPercentages calculated from Table XVII, App. A.
TABILE 3
NUMBER AND PERCENTAGE OF PLACES AND POPULATION
CONTAINED IN THE SAMPLE OF 164 INCORPORATED PLACES
FOR WHICH GASOLINE PRICE QUOTATIONS ARE AVAILABIa
sample 0U. S
Per Per
Number Cent Number Cent
Incorporated places
Inc. places over 5,000
Number of people
Number of people -
inc. places only
Number of people -
inc. places over
5,000
Trading area
1 6 4 b
162
36,646,000
.99 16,602
8.8 1,837
29.8 122,775,000
36,646,000 46.9 78,138,000
36,639,000 53.1 68,954,823
56,731,000
100
100
100
100
100
aCalculated from Table XVITII, App. A. N.Y.C. = 5 places.
These comparisons reveal that the 164 incorporated
places are much more representative of the larger cities than
of the smaller cities, and are not at all representative of
rural areas. But almost 30 per cent of the population is
included; so if prices are about the same in large as in
small cities the emphasis on larger cities should not bias
the results. But are prices the same?
In Table XVI, Appendix A, the 164 cities are ar-
ranged in order of size. Taking the mean of the prices in
the 25 largest places, the 25 next largest, etc., the fol-
lowing tabulation is obtained, which gives both simple and
weighted means:
TABLE 4
IR2LATION OF SIZE OF CITY TO PRICE OF GASOLINE
Simple Average Price
in Cents per Gallon
No. Cities
1 - 25
26 - 50
51 - 75
76 - 100
101 - 125
126 - 150
151 - 164
Mean
of Group
17.35
18.21
18.69
18.95
19.39
19.68
21.01
Cumulative
Mean
17.35
17.78
18.08
18.30
18.52
18.71
18.91
Average Price Weighted
by City Population
Mean Cumulatve
of GMean
17.20 17.20
18.38 17.43
18.72 17.54
18.93 17.62
19.36 17.67
19.64 17.69
21.19 17.70
The persistent increase of price as we go from the
larger to the smaller places is at once apparent. Can prices
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in a few large cities, therefore, be taken as representative
of prices in the country as a whole? The trend in the weight-
ed cumulative means seems to indicate that we can do so,
since the decreasing consumption (as indicated by population)
greatly lessens the effect of the higher prices in smaller
places. But, no allowance is made for the greater number
of small places. The prices in smaller places were weighted
only by the population of the places in the sample in each
size group; they should be weighted by the total population
in cities of each size group. Actually, then, the true mean
would continue to increase with decreasing size of city,
since the total population in each size group declines rela-
tively little for cities of under 1,000,000.
In addition, the greater number of smaller cities
makes necessary a larger sample from these groups. There
were, in 1930, 607 places with populations between 10,000
and 25,000; in the sample there are only 28 places from this
size group.- Very few places of less than 10,000 are included
in the sample.
The insufficiency of quotations for small places
can only be remedied by obtaining more quotations. At the
present time these are not generally and regularly available,
-~~~~ 
-.- -- --- -- --- - -- -- -- -
i/;See Table 5, and Table XVII, App. A.
RWSee Table 5, p. 42.
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although most oil companies gather this information for their
marketing territories, at irregular intervals, for their own
use. From the data we have, however, we can calculate a
more representative urban price.
Price Differentials
between Cities
Before calculating this price it ought to be
helpful to consider the possible reasons for the higher
prices in smaller places. Some possible reasons are:
1. Smaller or irregular volume of sales
in smaller places, hence higher margins.
2. Smaller places located at less advan-
tageous transportation points, hence higher cost of
transportati on.
3. More inelastic demand in smaller cities
and towns because of lack of alternative methods of
transportation and because tourist demand constitutes
a greater proportion of total demand.
4. Greater element of monopoly in smaller
places because of fewer bulk tank stations and ser-
vice stations.
5. Inclusion of an excessive proportion of
small places from the South and West, where gasoline
prices in general are higher than elsewhere.
PART I 41
Table 5 substantiates the statement that the
sample is more heavily weighted in the smaller size groups
by cities from the South and West. Comparing the percentages
in each size group for the different sections of the country,
it is readily seen that the percentages of cities in the East
and North for the sample get farther and farther below the
percentages for the country as a whole; while the percent-
ages of cities in the South and West get farther and farther
above those for the country as a whole.
The second part of the statement on page 40, namely,
that prices are higher in the South and West, is substantiated
by Tables 6 and 7. Table 6 ranks the states in order of in-
creasing price. Table 7 classifies the 25 states with high-
est prices by geographical location and by apparent cause of
high price. Ten of the 16 southern states are included among
these 25, and 10 of the 11 western states. Only 2 eastern
states out of 10, and only 3 northern states out of 12 are
included. Tables 6 and 7 also indicate rather strongly that
state taxes and transportation costs are the chief deter-
minants of price differentials between states.
Are, then, the price differentials attributed to
differences in size of city due to this geographical bias?
As a matter of fact, if prices in only northern and eastern
cities are tabulated, there is little or no trend upward
in prices from the larger to the smaller cities.-until places
-A
Pl
TABI! 5
CLASSIFICATION OF CITIES B'! SIZE AND LOCATIONa
Number of Cities
United States Sample
Size Group E N S _W Total E N S W Total
200,000 and up
100,000-200,000
50,000-100,000
25,000- 50,000
10,000- 25,000
TOTAL
10
22
35
65
240
372
Per Cent of Total in Each Size Group
United States
E N S W Total E N S W Total
200,000 and up 24.4 36.6 24.4
100,000-200,000 42.3 25.0 23.1
50,000-100,000 35.7 32.6 24.5
25,000- 50,000 35.1 34.6 19.5
10,000- 25,000 39.5 30.1 20.6
TOTAL 37.~ 31~~ 21.1
14.6 100.0
9.6 100.0
7.1 100.0
10.8 100.0
9.7 100.0
~~~ 100~6
23.7
26.5
20.7
8.3
17*9
20.3
36.8 26.3
29.4 35.3
24.1 48.3
20.8 54.2
21.4 28.6
9-7~~ 37~3
aU.S. data from Fifteenth Census of the United States: 1930, vol.
I., Population, Table 10, pp. 16ff.; Table 11, pp. 18ff. "East"
includes New England and Middle Atlantic States; "North," East and
West North Central states; "South," South Atlantic, East South
Central, and West South Central states;"West," Mountain and Pacific
states. Data on the 160 cities (153 excluding those of under 10,-
000) from Table XVI, App. A. Cities in the 200,000-and-over group
may be further broken down:
1,000,000 and over
500,000 - 1,000,000
200,000 - 500,000
E N S W
3 3 1 1
5 10 9 4
15
13
32
64
183
307
10 6
12 5
24 7
36 20
125 59
41
52
98
185
607
983
9
9
6
2
5
3M
14
10
7
5
6
~42
10
12
14'
13
8
5
3
2
4
9
23
38
34
29
24
28
T53
Sample
13.2
8.8
6.9
16.7
32.1
T5~0
100.0
100.0
100.0
100.0
100.0
100.0
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S
Rank
in orde
of in-
creasin
State price
R. I. 1
D. C. 2
Kans. 3
Mass. 4
Conn. 5
Ill. 6
Mo.
Calif.
N. J.
Iowa
Texas
Del.
N. Y.
Mich.
Minn.
Penna.
Okla.
Ark.
W. Va.
Md.
Maine
Wi ec.
Ohi o
Ind.
N. H.
S. D.
N. D.
Va.
Utah
Vt.
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
43
TABLE 6
TATES COMPARED AS TO PRICE OF GASOLINE
ND FACTORS AFFECTING JRICE OF GASOLINE
1935
Rank Rank Advantage
r in order in order of water High price
of in- of price Petroleum trans- due to-
g creasing less roduction porta- Trapt.
tax rate tax 0 bls .) tion Tax Cost
12
2
3
15
8
9
10
17
14
16
11
12
15
18
33
19
20
21
22
23
24
25
26
13
34
27
28
54,843
13 207,832
14
18
4
11
10
27
28
17
16
8
20
21
22
23
25
31
32
34
43
26
40
41
392,666
15,776
15,810
185,288
11,008
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Rank
in orde
of in-
creasir
State price
Ky.
Nebr.
Nev.
Ore.
La.
Ari z.
S. C.
Mi s.
Wyo.
Colo.
Fla.
Ga.
N. C.
Wash.
N. M.
Tenn.
Ala.
Mont.
Idaho
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
44
TABLE 6 (cont.)
TATES COMPARED AS TO PRICE OF GASOLINE
LD FACTORS AFFECTING RRICE OF GASOLINE
1935
Rank
r in order
of in-
g creasing
tax rate
35
32
29
36
46
37
42
43
30
31
48
44
45
38
41
47
49
39
40
Rank
in order
of price
less
tax
29
37
44
38
9
39
19
24
46
47
5
33
35
45
42
Petroleum
production
(000tblas.)
Advantage
of
water
transpt.
aBased on Table XV, App. A. States checked in column headed
"Advantage of water transportation" are coastal states or those
located on important inland waterways. States checked in columns
headed "High price due to:" are the 18 states with highest tax
rates (over 5 cents) and, roughly, the 18 states located most
disadvantageously as to transportation of petroleum from pro-
ducing regions. Wyoming and New Mexico are checked in the last
column because petroleum production in these states is quite
localized, especially in New Mexico, where it is confined to the
Southeastern corner of the state.
High price
due to:
Tax tr.cost
50,330
13,755
20,483
30
36
48
49
-1
Ge og.
Secti on
High High Trept.
Taxes Costs
Alone Alone
4
Both Taxes
and Trapt.
Costs
6
10
Total
10
10
25
aBased on Table 6. States tabulated above are:
High Taxes Alone
S Virginia
Kentucky
Louisiana
South Carolina
IMi ssi ssippi
Florida
Tennessee
High Trept.
Costs Alone
E New Hampshire
Vermont
N South Dakota
North Dakota
W Utah
Nevada
Wyoming
Colorado
Total
- All
States
10
12
16
11
Both Taxes
and Tropt. Costs
N Nebraska
S Georgia
~ North Carolina
Alabama
W Oregon
Arizona
Washington
New mexico
montana
Idaho
See Table 5 in regard to geographical distinction between E,
N, S, and W.
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TABLE 7
FREQUENCY DISTRIBUTION BY GEOGRAPHICAL LOCATION AND BY-
APPARENT CAUSE OF HIGH PRICE OF 25 STATES
WITH HIGHEST GASOLINE PRICESa
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under 30,000 are reached, and in the sample these happen to
be concentrated largely in such states as New Hampshire,
Vermont, North Dakota, South Dakota, and Nebraska, where
prices are generally higher anyway due to transportation
costs. The same holds true for the southern and western
states, except that prices are quite a bit lower in the very
large cities.
Examination of the different prices in each state
indicates that in about half the states there is a trend
upward in price from the larger to the smaller places, that
in about one-third there is no definite trend up or down,
and that in only a few is there a downward trend.
There seems to be, therefore, some price differen-
tial between cities of different size which the sample should
be adjusted for. In addition, the sample should be adjusted
for price differentials between geographical regions.
Adjustment of
Sample of Prices
The adjustment of the sample for bias is accomplished
roughly in Table 8. First, a mean price for each size group
in each geographical section is obtained by averaging all the
available quotations for cities of each size group in each
section. Then a weighted mean for each size group is obtained
by weighting the sectional prices by the total number of
cities of each size in each section in 1930. This procedure
TABLE 8
CAIDULATION OF 1935 WEIGHTED AVERAGE PRICE
OF GASOLINE IN THE UNITED STATES
Mean of All
Quoted Pricesa
(000) . N S W E
Wtd.
Mean
Price
Weights for
(Total No. of b Size
Cities in U.S. )Group
N W
1930 Wtd.
Popula- Cum.
tion Price
(000) p
1,000 17.38 16.75 --- 15.48
500 -
1,000 16.46 17.57 17.68 17.58
200 -
500 16.13 18.09 19.10 20.13
2 2 - 1 16.75 15,064 16.75
3 3 1 1 17.17 5,764 16.87
5 10 9 4 18.36 7,956 17.28
16.53 17.45 19.76 21.62
17.81 17.37 20.26 18.48
18.27 17.84 .19.40 21.92
22 13 12
35 32 24
5 17.99 7,541 17.43
7 18.31 6,491 17.56
65 64 36 20 18.74
10 -
25 18.48 18.80 20.21 21.86 240 183 125 59 19.26
6,426 17.71
9,097 17.96
aBased on Table XVI, App. A.
bFrom Fifteenth Census of the United States: 1930, Vol. I, Popu-
lation, Table 10, p. 16ff.: Table 11, p. 18ff.
tends to eliminate the bias due to inclusion of a disproportionate
number of cities from some sections. The group means are then
weighted by total population in cities of each size group in 1930,
and the national average price of 17.96 cents is thereby obtained.
Size
Group
100 -
200
50 -
100
25 -
50
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Thus allowance is made for price differentials due to size of
city. The trend of weighted cumulative prices indicates that
there actually is such a differential.
The price of 17.96 cents, it will be noted, is
exactly the same as was obtained by weighting the average
state prices by gasoline consumption. This is probably a
coincidence. But the additional coincidence of the price
obtained by weighting the 49 city prices by state and monthly
consumption being 17.93 cents makes it seem likely that the
1935 average urban price of gasoline was just about 17.9 or
18.0 cents. Perhaps the weighting of simple average state
prices by state consumption is just as accurate as the method
just used; for the geographical bias is eliminated just as
well, and the equal weighting of smaller places in obtaining
the si-mple average state prices is somewhat of an allownace
for missing a large number of quotations from the smaller
it should be pointed out that 7 towns with populations of
under 10,000 and an average price of 20.84 cents are not in-
cluded in the adjusted sample, since size groups below 10,000
were excluded because the sample included too few towns below
10,000.
-/Perhaps even more effectively, since in the regional method
there may be a sectional bias within a region. In the sample,
for instance, 4 of the 6 cities in the North Central States
of between 10,000 and 25,000 population are located in North
Dakota, South Dakota, and Nebraska.
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places, and also for the higher per capita consumption of
gasoline in smaller places (as indicated by higher per capita
registrations in smaller cities, down to the point where there
is no traction service).
Conclusions
As a result of this investigation of prices it was
decided that for the present study the additional work neces-
sary to construct a series of weighted average prices would not
justify the improved accuracy that might result therefrom.
Further study of this problem is desirable, however, in order
to determine with greater certainty the minimum size of sample
necessary to construct an accurate weighted price. Additional
analysis of methods of weighting is also recommended. It is
hoped that in the future,,series of weighted average prices,
both for the United States and for the several states or re-
gions, will be constructed and made generally available.
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PART II
FACTORS AF FETING MOTOR-FUEL CONSUMPTION
IN THE UNITED STATES AS A WHOLE
The price of gasoline has already been selected
as one of the possibly more important factors which determine
consumption of motor fuel in the United States, and the
decision was reached to use the American Petroleum Institute
price series as a measure of price changes. In this sec-
tion the effect of price and of other factors upon motor-
fuel consumption in the United States as a whole will be
studied. Correlation analysis will be used in various ways
and between different variables in order to determine which
are the most important factors and just how variations in
these factors affect consumption.
Selection of Factors
and Their Measures
In addition to price and probably more important
than it as a determinant of motor-fuel demand, automobiles
in use stands out as a factor. Motor fuel is a typical
example of a complementary commodity. Its demand for auto-
motive use - and almost nine-tenths of all gasoline is used
by automobiles - comes only from automobile users. Consump-
tion of motor fuel is therefore a function of automobiles
in use.
1 See Part I.
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ACTORS AFFECTING MOTOR-FUEL CONSUMPTION
IN THE UNITED STATES AS A WHOLE
PART II
I
I/See H.A. Breakey: The Measurement and Forecasting
of Domestic Motor Fuel Demand, Section I; S.A. Swensrud:
"Factors Affecting the Demand for Gasoline Over the Next
Few Years - A Study of Automobiles in Use," Transactions,
A.I.M.M.E., Petroleum Division, 1933, p. 53ff.; P. de
Wolff: "The Demand for Passenger Cars in the United
States," Econometrica, April, 1938, p. 113ff.
The most readily available measure of automobiles
in use is automobile registrations. This is a rough measure,
however, as many automobiles may be registered but taken out
of service or scrapped before the end of the registration
period, while many others are placed in service at various
times during the year. Consequently, various other measures
of automobiles in use have been devised. Besides taking
account of new car sales, these measures make use of some
method of estimating automobiles scrapped, based on other
estimates of the average life of an automobile. It is
possible that greater accuracy is achieved thereby. But in
this study it was thought desirable to use basic data where-
ever feasible so that the results could be applied directly
to available data. Furthermore, automobiles scrapped in a
given year are more or less proportional to total regis-
trations, and using figures a given percentage greater than
the actual figures should not cause more than a slight
error. Also, practically every automobile that is regis-
tered is used some; and one that is scrapped may be used
more than one that is not, while a new car bought during
the year is very likely to be used more than one in ser-
vice at the beginning of the year. Variations in the pro-
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portion scrapped will be largely due to business conditions,
and inclusion of a business index as a factor should partial-
ly take care of such variations.
The middle diagram of Chart B, page 60, shows the
relationship between registrations and motor-fuel consump-
tion. The regression curves on this chart are the lines of
best fit to the data.
Purchasing power seemed to be another factor af-
fecting consumption which should be included. In considering
the various indexes, the Bureau of Labor Statistics' index
of factory pay rolls was selected. A general index of income
might be more desirable, but such indexes as are available
are perhaps not as reliable as the factory pay rolls index.)
Furthermore, it seemed that factory pay rolls was not only
an index of consumer demand but also of industrial demand.
H. A. Breakey-9' considers highway improvement to
be the most important factor affecting the trend of motor-
fuel consumption per motor vehicle. But it is difficult to
construct an adequate index of highway improvement because
the differences in types of roads would have to be taken
De Wolff (op. cit.) found non-workers' incomes and cor-
poration profits to give the best correlations with new
passenger car purchases. But here we are studying the de-
mand for gasoline of owners of both new and used automo-
biles, including trucks. A large proportion of this demand
comes from wage earners.
Op. cit., p. 144.
PART II
PART II 54
account of, as well as the effects of bridges, tunnels,
multiple-lane highways, and many other factors besides
mileage.
Some of the other factors affecting consumption
of gasoline may be listed:
Increasing use of diesel motors
Increasing efficiency of automobiles
Increasing power of automobile engines
Growth in size and relative number of buses and trucks
Growth of air transportation
Extent of use of gasoline motor boats
Extent of use of motor cycles
Extent of use of gasoline rail cars and locomotives
Extent of use in stationary engines
Extent of use as fuel for heating
Competition from railroads and electric railways
Improvement of quality of gasoline
Variations in weather conditions
Speed regulation and traffic congestion
Increasing use of trailers (See Table IX, App. A)
For weather conditions, traffic congestion, traffic rules,
competition of railways, quality of gasoline, power and
efficiency of automotive engines, use of gasoline motor
boats, use of motor cycles, use of tractors, use as fuel,
etc., no adequate measures are available as yet. Trailer
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usage is becoming important; for it is estimated that an
automobile consumes twice as much gasoline when pulling a
trailer, and the number of trailers is approaching the
million mark. But data on the number of trailers in use
for the whole period studied are quite inadequate.
Regard for the effect of the increasing proportion
of trucks and buses might be helpful. But buses are not
separated in registration figures, some states including them
with trucks and some with passenger cars; while a separate
classification for trucks would logically lead to a sub-
classification of trucks according to size. It seems reason-
able to assume that, as far as gasoline consumption goes,
passenger cars merge rather smoothly into trucks and buses
and that, statistically, there is an average motor vehicle,
though this average changes constantly.
Airplanes are increasing in importance, but as
yet they account for less than one-half of one per cent of
total gasoline consumption. Airplane usage would be import-
ant in determining production of high-octane gasoline.
Variations in airplane consumption, as yet, however, have
a negligible effect on total gasoline consumption.
The same may be said for gasoline tractors, motor
cycles, motor boats, and gasoline rail cars and locomotives.
---------------- - - -- - -- -- -- -- -------
A/The separate effect of trucks and buses was considered
by H. A. Breakey, op. cit.
The individual effects of any of these factors are too
slight to be measurable because the slight effects they might
have would be entirely overshadowed by chance errors in the
data. And their combined effect may be expected to change
only slightly during the next few years.2/
Price, automobiles in use, and purchasing power,
then, are probably the most important factors affecting
motor-fuel demand. It remains to determine the degree of
the importance of each. If these three factors, or less,
turn out to be sufficient to satisfactorily measure demand,
then there is no need to go further - at least until there
are available more precise data to work with. And even then
the inclusion of more variables might not warrant the addi-
tional labor involved in correlating more variables, for
the work of correlation varies almost directly with the
square of the number of variables.
Preliminary Study
of the Data
The four series -
X, - motor-fuel consumption
X2 - average retail price of gasoline
X3 - motor-vehicle registrations
X4 - index of factory pay rolls
- -ee Table 18, p.79, note.
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are given in Table 9. Chart A gives a graphical picture of
the data. Analysis was confined, for the most part, to the
years 1926 to 1936. Although this decreases the reliability
of correlation in that the probable error is increased, it
was felt that more recent data would be more accurate, that
the underlying relationships would be more up-to-date and
hence more applicable to the immediate future, and that
approximately one complete business cycle would be spanned
and therefore effects of any one phase would not be over-
weighted.
Chart B, showing lines of best fit to the data,
gives a picture of the relationship between motor-fuel con-
sumption and each of the three independent factors. Motor-
vehicle registrations appear to be the strongest factor,
and pay rolls seem to be the weakest. But although the latter
relationship is obscure, it may account for a good deal of
the variation of the actual points from the line of means,
or regression line, in each of the other diagrams. The
separate effect of each of these independent variables will
be determined by correlation.
Methods of Correlation
We can correlate the variables in several ways:
static correlation (absolute values, or deviations from
means), correlation of first differences (absolute changes),
57
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TABLE 9
SERIES USED IN CORRELATION
U. S.
Motor Fuel
C onsumpti ona
(Millions of
Year Barrels)
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
102.9
108.6
129.4
158.7
187.0
226.3
264.4
299.8
332.0
376.0
394.8
403.4
373.9
377.0
410.3
434.8
481.6
518.8
Avg. Retail
Price ofbGasoline
(# per gal.)-
29.83
26.31
25.20
21.97
20.94
22.20
23.38
21.09
20.94
21.42
19.95
16.98
17.93
17.82
18.84
18.84
19.'45
19.79
Motor-Vehicle
Regi strati ong
in the U. S.
(Millions)_
10.46
12.24
15.09
17.60
19.94
22.00
23.13
24.49
26.50
26.55
25.83
24.12
23.84
24.95
26.23
28.22
29.65
Index of
Factory
Pay Rolls d
in the U.S.
(1923-2&-100)
118.2
76.9
81.6
103.3
96.0
100.7
103.7
101.7
102.4
109.1
88.5
67.4
46.4
49.4
62.8
71.2
82.4
98.0
aFrom TableIII, App. A, except 1937 figure from Table I.
bFrom Table XI, App. A.
cFrom Table VII, App. A.
dFrom Table XVIII, App. A. Old series used because new
series through 1936 not available when study began. Differ-
ences are very slight.
CHART A
TIME SERIES USED IN CORRELATION
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or correlation of trend ratios (deviations from secular
trends). In general, the method which gives the best re-
sults, provided we can substantiate the method with logi-
cal reasons for its superiority, is the most valid. This
criterion applies also to the cause and effect relationship
between the variables chosen. As Koopmans remarks:
The task of statistical theory in the prob-
lem under consideration is indicated by the state-
ment that validity can be assigned to the results
reached by that theory only in so far as the ade-
quacy of the above assumptions concerning the re-
lations between the variables and the nature of
the errors in the variables is warranted by econ-
omic, or, in general by not exclusively statisti-
cal, considerations.
Static Correlation
Static correlation has the advantage of using the
data direct without additional calculation. We shall there-
fore see first how it works out. The coefficients of corre-
lation obtained are given in Table 10. Although in Chart
B consumption varies inversely with price, because r12
".65/ elimination of the effects of registrations and pay
rolls shows that consumption actually is higher when price
is higher (r1 2 .34 = .33). This coefficient (.33) is
L1 T. Koopmans: Linear Regression Analysis of Economic
Time Series, p. 134.
./Perfect correlation presumably exists when r = ±1.00;
no correlation when r = 0.
2/But note that r l = -.69 when link relatives are
correlated (p.65). Ink relatives bring out the short-time
relationships, static correlation the long time ones.
PART II
probably too low to be significant, but the positive rela-
tionship indicates that increased demand for motor fuel has
increased the cost of production and therefore the price; and
on the other hand, when demand drops, the cost falls and so
does the price. The connection between consumption and reg-
istrations (price and pay rolls being held constant) is
TABLE 10
COEFFICIENTS OF STATIC CORREILATION OF CONSUMPTION,
PRICE, REGISTRATIONS, AND FACTORY PAY ROLLS, 1926 - 1936
112 = -.65 r1 3  = .88 r1 4  = -.46
r 12.3 = -.78 r1 3 .2  = .92 r1 4 .2  = .29
r12 .4  = -.57 r1 3 .4  = .98 r14 .3  = -.91
r12 .3 4 = .33 r1 3 .24 = .97 r14 .2 3 = -.78
r2 3  = -.34 r2 4  = '87 r34  = -.04
r2 3 .1  = .64 r2 4 .1  = .85 r34 .1  = .88
r =-.64 r2 4 3  = .92 r3 4 2  = .58
r23.14= -.47 r2 4 .1 3  *80 r34 .12 = .85
close and direct (r13.24 = .97). With pay rolls, consumption
varies inversely (r14 .2 3 = -.78). This merely means that con-
sumption was below the average for the period when pay rolls
were above the average for the period, and~vice versa. No
causal connection is proved. If the phases of the busi-
ness cycle had been covered in reverse order, Chart A indi-
cates that the coefficient of correlation might have been
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TABLE 11
ERRORS IN FIT OF STATIC REGRESSION EQUATION TO DATA
Millions of Barrels
(forecast!)
(Excluding 1937)
X1
Calculated
264.7
290.7
331.3
386.5
412.0
406.3
390.7
376.6
396.0
423.0
471.2
493.4
377.1
1
Actual
264.4
299.8
332.0
376.0
394.0
403.4
373.9
377.0
410.3
434.8
481.6
518.8
377.1
Error
.3
- 9.1
- .7
10.5
17.2
2.9
16.8
- .4
-14.3.
-11.8
-10.4
-25.4
±8.6
Per Cent
Error
.1
-3.0
- .2
2.8
4.4
.7
4.5
- .1
-3.5
-2.7
-2.2
-4.9
±2.2
!Assuming independent variables known;
in calculation of regression equation.
1937 not included
Year
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
Mean
63
positive instead of negative. This failure to allow for
trends and cycles is one of the serious weaknesses of static
correlation.
The regression equation relating the variables is:
X1 = 5.47X2 + 31.3X3 - 1.56X4 - 390.0.
X2 is the least important factor for, although its coeffi-
cient is greater than that of X4, variations in price are
much smaller than variations in the pay roll index. The
goodness of fit of the regression equation, as shown by the
differences between calculated and actual consumption, is
indicated in Table 11, the average error being ± 2.2 per cent.
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Correlation of
Link Relatives
Although the results obtained by static correlation
were fairly good, the fact that static correlation is not
well suited to time series makes it likely that another
method would give greater accuracy. Link relatives and trend
ratios are both well adapted to time series, but if other
considerations are absent the former is preferable because
it does not require any preliminary and laborious trend
fitting.
Link relatives of the data in Table 9 for 1926
to 1937 are given in Table 12. Results of the correlation
of these data are given in Table 13.
TABLE 12
LINK RELATIVES OF CONSUKPTION, PRICE,
REGISTRATIONS, AlD PAY ROLLS
Year V1  V2  V3  V4
1926 116.8 105.3 110.3 103.0
1927 113.4 90.2 105.1 98.1
1928 110.7 99.3 105.9 100.7
1929 113.3 102.3 108.2 106.5
1930 105.0 93.1 100.2 81.1
1931 102.2 85.1 97.3 76.2
1932 92.7 105.6 93.4 68.8
1933 100.8 99.4 98.8 106,5
1934 108.8 105.7 104.7 127.11935 106.0 100.0 105.1 113.41936 110.8 103.2 107.6 115.71937 107.7 101.7 105.1 118.9
64
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r 1 2  =
r 1 2 . 3  ~'
r 1 2 4 = -.
r 1 2 . 3 4 = -.
65
TABLE 13
SULTS OF CORRELATION OF LINK REIATIrVES
08
74
27
69
Coefficients of Correlation
r1 3  .95
r 1 3 .2= .98
r13 .4 . .94
r 13.24F .97
r1 4
r14.2
r 14.3
r 14.23
.58
.62
-. 46
-. 31
r 2 4  =
r 
=24.1
r2 4 .3 
.
r2 4 .13 =
.46
.51
.36
.04
r 34
r34 .1 =
r3 4 .2
r34 .12
Regression Equati ons
V 
-.216V2 + 1.45V3 - .039V 4
V - + 1.46V 3 - .080V4
+ 1.26V3
V1 = -.243V2 + 1.36V 3
- 16.9
- 35.6
- 23.3
- 9.4
The fairly large and inverse relation between link
relatives of price and link relatives of consumption (r12 .3 4
= -.69) indicates that a change in price from the level
people have become accustomed to has a decided effect upon
consumption. The various regression equations in Table 13
r 2 3
r23 .1
r 2 3 .4
r 2 3 .14
.31
.76
-. 04
.66
.72
.65
.68
.46
PART II 6
are compared in Table 14. This comparison shows that pay
rolls is the least important of the variables. In fact,
its inclusion has a negligible effect upon the results, re-
ducing the average error of fit only .1 per cent. The in-
clusion of price reduces the average error .6 per cent.
The regression equation involving only V2 and V3 is there-
fore chosen as sufficient. The average error of fit, using
this equation, is t.9 per cent, and the forecast for 1937
is 1.2 per cent high. The fit of the regression equation
involving all three independent variables is graphically
indicated in Chart C.
TABLE 14
COMPARISON OF FIT OF LINK RELATIVE REGRESSION EQUATIONS
Millions of Barrels Per Cent Error
I, X as Calculated
Using Using Using Using Using Using Using Using
Year Actual L ,VV Vs VV V3 ,V .
1926 264.4 262.7 260.7 265.2 262.5 - .6 -1.4 .3 - .7
1927 299.8 289.5 295.6 290.8 295.9 -3.T -1.4 -2.7 -1.3
1928 -332.O 331.6 331.9 332.8 332.8 - .1 - .2 .2
1929 376.0 376.8 375.8 378.1 376.8 .2 - .1 .6 .2
1930 394.8 388.8 392.9 391.8 394.4 -1.5 - .5 - .8 - .1
1931 403.4 393.6 404.3 396.4 405.1 -2.4 .2 -1.7 .5
1932 373.9 382.4 371.9 384.4 374.0 2.3 - .5 2.8 -
1933 377.0 379.9 378.0 374.3 376.1 .8 .3 - .7 - .2
1934 410.3 410.9 405.3 404.1 403.0 .1 -1.2 -1.5 -1.8
1935 434.8 449.3 448.9 446.4 448.0 3.3 3.2 2.7 3.0
1936 481.6 490.0 487.8 488.3 487.0 1,7 1.3 1.4 1.1
1937 518.8 527.4 524.9 521.6 523.5 1.7 1.2 .5 .9
Meana 377.1 t1.5 + .9 *1.4 * .8
aExcluding 1937.
-0
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SCATTER DIAGRAM OF LINK RELATIVES OF
REGISTRATIONS AND OF ADJUSTED CONSUMPTION
FIGURES
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TABLE 15
CAICUIATION OF ADJUSTED LINK RELATIVES OF CONSUMPTIONa
b cV, Vz V,
3.3
- 1.6
1.0
6.8
-18.6
-23.5
-30.9
6.8
27.4
13.7
16.0
19.2
Adjust-
ment
.216v, .0 in V,
1.4
-1.9
.1
.7
-1.3
-3.0
1.4
.1
1.4
.2
.9
.6
.1
- .1
1.5
-2.0
- .1
.3 1.0
.7
- .9
-1.2
.3
1.1
.5
.6
.7
-2.0
-3.9
.2
.4
2.5
.7
1.5
1.3
Adjusted
118.3
111.4
110.8
114.3
103.0
98.3
92.9
101.2
111.3
106.7
112.3
109.0
8The adjusted figures represent what the actual link rela-
tives of consumption would have been each year if link rela-
tives of prices and pay rolls had remained constant at their
means throughout the period. Since positive deviations in
V2 and V4 cause negative deviations in V1 , according to the
regression equation,
Vi = -.21612 + 1.447V3 - .039V 4 -16.9,
the adjustments are added to the actual link relatives of
consumption. By making this adjustment it becomes possible
to represent the fit of the regression curve to the two
principal variables, V1 and VR, on a two-dimensional diagram.
If the mean values, 99.0 and 9.7, of V2 and V4 are substi-
tuted in the above regression equation, the equation,
Vi = 1.447V3 - 42.1, is determined,
which is plotted on Chart C. Note that holding V and V4 con-
stant at their mean values implies an annual decrase of 1 per
cent a year in price and 0.3 per cent a year in pay rolls,
which is not the same thing as holding price and pay rolls
(X2 and X4 ) constant at their mean values.
bDeviations from mean of V2. Deviations from mean of V4.
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r
6
7
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
116.8
113.4
110.7
113.3
105.0
102.2
92.7
100.8
108.8
106.0
110.8
107.7
6.3
- 8.8
.3
3.3
- 5.9
-13.9
6.6
.4
6.7
1.0
4.2
2.7
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The accuracy of the estimate for 1937 may be com-
pared with the combined monthly forecasts made by the Bureau
of Mines:
Although its month-to-month figures have been
as far afield as 5 per cent, the increasing accuracy
of the Bureau of Mines' monthly forecast of demand
is reflected in the fact that the combined fore-
casts for 1937 are only about 1.1 per cent 'off'
the actual demand for the year.
The estimate of total demand (including exports)
for motor fuel for the year amounted to 563,350,000
barrels, compared with the actual demand of 556,-
734,000 barrels. In 1936 the forecast was 1.6 per
cent lower 1an the actual, and in 1935 was 3.4 per
cent lower.
Static Correlation
Using Deflated Prices
Various other correlations were carried out in
an attempt to find a better or a shorter way of obtaining
the same results. Although the correlation of link rela-
tives proved to be the most accurate in the end, the results
of the other experiments are given here.
A series of deflated prices was constructed by
dividing retail gasoline prices by the National Industrial
Conference Board cost-of-living index..V The purpose in
mind was to try and combine price and purchasing power,
eliminating one variable thereby. Consumption, deflated
JNational Petroleum News, Feb. 16, 1938, p. 21.
.?/See Table XII, App. A.
PART II 70
price, and registrations for 1926-1936 were then statically
correlated. Although the 1937 calculated consumption ob-
tained was only 1.1 per cent higher than the actual, the
fit of the curve to the data was less close than when actual
prices were used together with registrations. Average devia-
tion of estimated consumption was *4.6 per cent, using de-
flated prices and registrations, but ±2.3 per cent using
actual prices and registrations. When actual prices, reg-
istrations, and pay rolls were used, the average deviation
or error wast2.2 per cent. But with link relatives the
average deviation was only.*.8 per cent. The respective
figures for r13 .2 were .93 (using deflated prices), .92
(using actual prices), and .98 (using link relatives of ac-
tual prices). Deflated prices apparently are not an im-
provement over actual prices.
Use of an index of Business
Activity Instead of Pay Rolls
Demand for motor fuel is a combined consumer de-
mand and business demand. Factory pay rolls are somewhat of
an index of consumer purchasing power and of business acti-
vity, too. Experimental static correlation of consumption,
registrations, and The Annalist Index of Business Activity
(X5 )V/instead of factory pay rolls, gave the following
1ee Table XIX, App. A.
results, which are compared with consumption - registrations
- pay-rolls correlation (Xi -X3 - 4):
TABILE 16
COrPARISON OF R7STJLTS OF COR7RELATION USING INDEX OF BUSIlTSS
ACTIVITY (X5 ) WITH RESULTS O-F CORPJLhATION USING
INDEX OF FACTORY PAY ROLLS (14)
x - x3 -x 5 x1 -x3 x4
r15
r 1 3 .5
r15.3
1937
estimate
Average
deviati on
of estimates
xi = 29.95X3
- .88
= -. 42
.005
= .97
= 
- .90
.87
= 4.4% low
Si2.8%
- 1.74X 5 - 211.6
The use of X5 instead
results, but the results are so
.88
= -. 46
- -. 04
.98
r 1 4 .3 ~'- 91
.88
1937
estimate
Average
deviati on
of estimates
- 5.4% low
= 2.3%
XI = 29.4X3 - 1.20X4 - 263.0
of X4 gives slightly poorer
close that it can be said,
tentatively at least, that factory pay rolls correspond
closely with business activity - or at least with The Annalist
index, which is alrost wholly an industrial index.
PART II
r 13
PA
The adequacy of registrations alone as a measure
of consumption was tested empirically, and at the same time
the feasibility of using shorter series, even, than 11
years was tested. Using shorter series has the possible
advantages of using more up-to-date data which consequently
conform more closely to recent conditions, and of securing
a closer fit to short-time movements. It at the same time
has the disadvantage that projections or forecasts are apt
to be wide of the mark if there is a change in direction of
movement of the factors.
Consumption and registrations for successive
periods of 5 and of 6 years were statically correlated. In
both cases the results, as measured by the fit of the data
and by the forecasts, were found to be unreliable. But the
5-year correlations were much better than the 6-year corre-
lations. The results of the former are compared in Table
17 with similar correlations of link relatives for success-
ive periods of 5 years. In this case, also, link-relative
correlation proved to be superior to static correlation.
Six-year multiple static correlations of con-
sumption, price, registrations, and pay rolls gave the
following results:
Year 1932 1933 1934 1935 1936 1937 Me
Error in "forecast" .2el' -2.l -6.5! -5.1% .2% .7%t2.
an
5%
RT II
The Adequacy of Registrations
Alone as a Measure of Consumption
PART I I
COMPARISON 0
CORR
Period-
1926-30
1927-31
1928-32
1929-33
1930-34
1931-35
1932-36
1933-37
73
1926-36
TABLE 17
F RESULTS OF STATIC CORRELATION AND LINK-RELATIVE
ELATION OF CONSUMPTION AND REGISTRATIONS
FOR SUCCESSIVE PERIODS OF FIVE YEARS
r 1 3
Static L.R.
.98
.90
.54
.40
.69
.97
.99
.9986
.88
.94
.96
.98
.97
.95
.935
.984
.95
.95
Error in Forecast (%)
Year
1931
1932
1933
1934
1935
1936
1937
Mean
1937
Static
-10
-13
-6
-6
- 9
.5
.02
J 6.4
-.9
L.R.
.3
5.8
1.1
.6
4.2
2.1
*2.0
1.7
These results are approximately as
with link relatives of consumption
good as those obtained
and registrations. The
greater amount of work in correlating four variables, how-
ever, makes the correlation of link relatives the more de-
sirable method.
Differences in the amount of the error in fore-
casting consumption for different years can be attributed
to differences in the variations of other factors from
normal, to differences in the accuracy of the data, and to
differences in the fit of the regression equations to the
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data due to direction of movement of the data. The principal
reason for the poor results obtained with static correlation
is brought lin the middle diagram of Chart B, page 60. It
can readily be seen that a straight line is a good fit for
the years 1926-1930 and 1932-1937, but a poor fit for the
intervening years. The variations in r13 for the successive
periods corroborate this observation. Hence, although r1 3
for 1926-1930 is .98, the forecast of consumption for 1931
is low. The underlying reason is that the regression equa-
tion assumes that a decrease in consumption per vehicle
will accompany a drop in registrations just as an increase
in consumption per vehicle accompanies (but does not neces-
sarily result from) an increase in registrations. 'But a
decrease in registrations may be accompanied by, and also
causes, an increase in consumption per vehicle; so that
registrations may fall off and total consumption remain con-
stant or even increase. Link relatives allow for this dif-
ferential effect because they take account of a trend (no
change in registrations corresponding to a 3 or 4 per cent
increase in consumption), and because calculations are based
on the previous year's actual and not on the mean of the
period.
Conclusions
Mrotor vehicle registrations and retail prices of gaso-
line, taken together, are quite satisfactory measures, con-
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sidering the probable errors in the data, of motor-fuel
demand in the United States. But percentage changes, or
link relatives, of these variables should be used rather
than absolute values. Variations in pay rolls do not
seem to affect consumption appreciably, and this factor can
therefore be neglected.
PART III
FACTORS AFFECTING MOTOR-FUEL CONSUMPTION
IN INDIVIDUAL STATES
PART III
FACTORS AFFECTING MOTOR-FUEL CONSUMPTION
IN INDIVIDUAL STATES
Of greater interest to the individual corpora-
tion than national demand for gasoline is the demand in a
particular state or marketing territory. In this section
of the investigation the measurement of territorial demand
is studied. Since data on territorial consumption are only
available by states, the state is chosen as the territorial
unit. The method of analysis used here differs from the
methods employed in investigating factors affecting demand
in the country as a whole; hence this method is also applied
to national data for purposes of comparison. But the method
of link relatives selected in Part II still remains the most
satisfactory method to use in measuring national demand.
The chief distinction between the method developed
here and the method of correlation of link relatives is that
curvilinear trend ratios of consumption (deviations from
curvilinear trends fitted to consumption data) are used
instead of link relatives of consumption. Link relatives of
registrations are still used. Although the use of link rela-
tives allows for a trend in that a constant rate of increase
in a factor is allowed for, their use does not allow for a
declining rate of increase as does the use of trend ratios.
As consumption of gasoline increases and approaches a "satu-
ration" level, it seems plausible that a given change in a
factor would have a smaller and smaller relative effect on
(77)
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consumption of gasoline. The use of a parabolic trend
allows for this possibility. Furthermore, a trend ratio is
based on a normal or trend value and not on the actual
figure for the preceding year. But this is a distinction
in method more than it is an advantage.
Comparison of States on Basis of
Consumption of Motor Fuel per Motor Vehicle
In the absence of adequate state series on gaso-
line prices and purchasing power, it seemed best to begin
the study of motor-fuel consumption in individual states by
comparing the states on the basis of consumption of motor
fuel per motor vehicle registered. Of course, not all
motor fuel is used by motor vehicles, but motor vehicles
use a large and relatively constant proportion of all motor
fuel. The error introduced by considering the problem as
if they do may be considered as one of the random errors
affecting the data.
There was such a random variation in the relative
positions of the states as to consumption per vehicle during
the period studied that no conclusions were reached in regard
to relative consumption per vehicle. But a cyclical varia-
tion in consumption per vehicle was noticed in most states,
See Table X, App. A.
I/See Table 18, p. 79.
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TABLE 18
DISTRIBUTION OF GASOLINE CONSUMPTION
IN THE UNITED STATESa
Per Centb
Passenger cars
Trucks
Buses
Total automotive consumption
Agriculture
Construction
Highway construction
Airplanes
Other uses
Loss in handling, evaporation,
tax evasion, etc. (to balance)
Total non-automotive consumption
TOTAL
aAdapted from H.A.Breakey: The Measurement
ing of Domestic Motor-Fuel Demand, p. 38.
68.7
17.2
3.1
89.0
3.3
1.1
1.0
.3
1.8
3.5
100.0
and Forecast-
bBased on 1930 and 1932 figures.
c"It does not seem likely that the proportion of non-
automotive fuel to the total motor-fuel demand is likely
to change greatley between now and 1940." - H.A. Breakey,
op. cit., p. 63.
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and the investigation of its cause led to some illuminating
and possibly useful conclusions. One of the chief causes
of the cyclical variations is shown to be relative changes
in motor-vehicle registrations; and the effect of these
changes in registrations on motor-fuel consumption is mea-
sured.
Trends in Consumption of
Motor Fuel per Motor Vehicle.
Trends in consumption of motor fuel per motor
vehicle were calculated for each state, and for the United
States, as illustrated in Table 19 for the state of Missouri.
The trend ratios, B = actual consumption divided by trend,
were also calculated, as shown. A curvilinear trend was
assumed, to allow for a declining rate of growth in consump-
tion per vehicle. Actually, the rate of growth may not be
declining, the occurrence of a depression in the latter half
of the period merely giving that impression. A sudden up-
swing in the trend may again occur, as in 1924-1925. But this
possibility does not affect this study, since the trends here
calculated are not projected, except for very short periods.
The general equation of the trends is
x = at + b,
where t = number of years since the base year (TO) and a
and b are the parameters for the individual series. Table
20 gives TO, a, and b for each state and for the United
80
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OAIULATI(
CONSUMP
T t
1924 2
1925 3
1926 4
1927 5
1928 z6
1929 7
1930 8
1931 9
1932
1933
1934
1935
1936
10
11
12
13
14
Total 104
a = I (xt')
81
TABLE 19
)N OF CURVILINEAR TREND OF INDICATED MOTOR-FUEL
TION PER MOTOR VEHICILE FOR STATE OF MISSOURIa
1.414
1.732
2.000
2.236
2.449
2.646
2.828
3.000
3.162
3.317
3.464
3.606
X
428
429
443
472
498
519
606
654
639
667
662
664
X.t
605
743
886
1,055
1,220
1,373
1,714
1,962
2,021
2,212
2,293
2,394
3.742 701 2,623
35.596 7,382 21,101
- bjt
Et
b X - a IE J-
b = r n
21,101 - 35.596b
S104
7,382 - 35.596a
13
388
431
468
500
529
555
580
603
625
646
666
686
704
110.3
99.5
94.7
94.4
94.1
93.5
104.5
108.5
102.2
103.3
99.4
96.8
99.6
= 202.9 - .3423b.
567.85 - 2.738a.
Solving simultaneously,
a = 135.8,
b = 196.0,
and the trend equation is:
x = at' + b = 135.8t + 196.0.
The trend equation is used to calculate the values of x thus:
X1937= (135.8)(3.873) + 196.0 = 722.
See p. 82 for explanation of ter-ms and calculations.
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Notes on Table 19
Similarly,
nX - alt
n
where n is the number of years in the series.
t = given year minus 1922 = T - 1922.
X = indicated motor-fuel consumption per motor vehicle
(Table X, App. A).
x = ati + b = trend value of X.
B = trend ratio = X/X.
The problem is to calculate a and b so that .(X-x) is a
minimum; that is, so that
S = V- (at+ b))2
is a minimum, since x = at + b.
Expanding,
S = X2 - 2aj(Xt) - 2biX + a 2 1.t + 2abiti + nb2
Differentiating partially with respect to a,
equating the partial derivative to 0, and solving for a,
we find that
a.(XtJ) - bltf
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PARAM
State
United State
Alabama
Arizona
Arkansas
California
Colorado
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TABLE 20
ETERS OF EQUATIONS OF TRENDS OF 31OTOR-FUEL
CONSUMPTION PER MOTOR VEHICLEa
(General Equation:
To Period-
s
Connecticut
Delaware
D. C.
Florida
Georgia
Idaho
Illinois
Indiana
Iowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Mi chi gan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada
New Hampshire
New Jersey
New Mexico
x = ati + b)
a b
1922 1924-36 119.7 276.1
1924
"f
"
1919
1924
1920
f
"1
1919
1924
tof
i"
f
f
11
"f
"
"
"
"
"
1922
1924
1926-36
"
"4
1924-36
1926-36
1922-36
1924-36
1925-36
1921-36
1926-36
f
1930-36
1926-36
i"
to
i"
to
It
1929-36
1926-36
f
1924-36
1926-36
it
1928-36
1926-36
52
159
126
81.5
93
123.4
219.3
148.3
45.6
34
107
121
93
129
82
114
73
142
94
148
110
103
153
135.8
91
52
175
110
194
107
505
262
310
370
317
274
- 45.8
88.2
548
569
248
308
288
179
421
217
479
214
322
284
333
283
253
196.0
353
383
202
286
216
334
b
x1 937 X1937
740
693
835
764
716
652
783
858
700
741
692
634
744
623
644
717
628
742
726
661
818
730
654
805
722
681
571
833
683
916
720
735
708
743
630
746
774
736
701
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State
New York
North Caroli
North Dakota
Ohi o
TABLE 20 (cont.)
na
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas
Utah
Vermont
Virginia
Washington
West Virginia
Wi sconsin
Wyoming
TERS OF EQUATIONS OF TRENDS OF MTOTOR-FTUL
CONSUMPTION PER MOTOR VEHICLEa
(General Equati on:
1924
"
1
"f
"f
1922
1924
It
f
1922
1
1924
"
"
1922
1924
"
"
Period
1930-36
1926-36
"
"
"
"4
1924-36
1926-36
"
1
1924-36
"4
1926-36
1926 -36
"1
1924-36
1926-36
"
"
1
x = atr + b)
b
a b 7-1937 X1 9 3 7
9
93
66
72
107
55
151.7
161
76
75
96.1
111.7
122
151
151
58.6
144
95
125
662
353
466
369
310
466
125.2
250
376
416
297.3
284.2
234
155
221
405.1
167
295
293
694
688
704
629
696
664
713
831
650
686
669
717
674
700
766
632
686
638
744
680
704
725
695
828
626
aFor explanation of terms see notes on Table 19.
bCalculated from Tables VI-A, VI-B, and VIII, App. A,
only for selected states to be studied.
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States. To is generally 1924, but may be an earlier year in
some cases because a longer series or period is covered.
The values of To were assigned arbitrarily because the data
were not considered sufficient to warrant calculating a
third parameter and because different values of To than those
used, when tried out, affected the results only slightly.
CYCIES IN CONSU)APTION PER
VEHICLE AND TIIR PROBABLE CAUSES
The differences between the annual trend figures
of consumption per vehicle and 100 ( or B - 100) give the
percentage deviations from the trends in consumption per ve-
hicle. A summary of these deviations by years and by amounts
is given in Table 21. A cyclical variation for all states
in general is quite apparent. Consumption per vehicle was
generally below the trend from 1926 through 1929. From 1930
through 1932 it was above the trend, only 2 states in 1931
having a negative deviation. In 1933 and 1934 the average
deviations were negligible and the individual deviations
closely concentrated about 0; and in 1935 and 1936 the aver-
age deviations were negative.
These cycles are no doubt connected with the busi-
ness cycle. To check this hypothesis, automobile registra-
tions themselves were used as a measure of the business cycle
- -* - -- - - - - - -
!/ he trend ratios are given in Table 24, p.94, for 13
states in column headed "B - Actual."
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ANNUAL F
Per
Cent 192f
11-25
10 2
9
8
7
6
86
TABLE 21
REQUENCY DISTRIBUTIONS OF STATES BY PERCENTAGE
)EVIATIONS FROM TRENDS IN MOTOR-FUEL
CONSUMPTION PER MOTOR VEHICLE
6 1927 1928 1929 1930 1931 1932 1933 1934 1935 1936
2 4 1 2
2 2
1 1
2 4
1 2 1 1
1 1
4
6 9
6 9 5 3 4 1 6 9 7 5 1
4 7
5 8
6 1
3
2 5
2
5
1
4
12
5
3
1
1
11
9
4
6
2
1 1 1 1
3 1 1 1 1
_2 __ _ __1
No. States 45 45 46 47 49 49 49 49 49 49 49
Avg. per-
centage
U.S. per
centage
-1.7 -1.0 -0.8 -1.5 2.1 4.5 1.7 -.2
-1.4 0 -0.4 .2 1.5 3.2 -.9 -1.2
.2 -. 8 -2.8
.4 -1.1 -. 3
-10
- 11-25 4.
I
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in individual states. Cyclical variations about the trend
in the series of actual registrations for several states are
shown in Chart D. Automobile registrations are apparently a
good business cycle indicator, but the cycles in registra-
tions and the cycles in consumption per vehicle do not close-
ly correspond. Closer study, however, reveals that consump-
tion per vehicle varies more with the rate of change in regis-
trations: that when registrations and the business cycle are
on the upswing, consumption per vehicle is below normal; and
when registrations and the business cycle are on the down-
swing, consumption per vehicle is above normal, that is, above
the trend. Finding this relationship true for one business
cycle, we may cautiously apply it to the next, or to the be-
ginning of the next, continuing until we discover the relation-
ship does not hold any more.
The explanation of this inverse relationship is this:
If registrations decrease, those people who will be the first
to give up their cars will be the ones who need them least
- in other words, who use less gasoline. This will tend to
increase, or to lessen the decrease in, average consumption
of gasoline per registered vehicle. There may be a net re-
duction in gasoline consumption, but this reduction will not
be proportional to the decrease in registrations. The auto-
mobiles left in service will tend to use more gasoline because
there will be more people to be served: a two-car family may
87
CHART D
TRENDS IN STATE AUTOMOBILE REGISTRATIONS"
2400
2200
2000
1 P00
1600
14c0
1200
1000
800
600
1922 1924 1926 192 1930 1932 1934
See rage 9T for data.
1936 1938
PAR
aNotes on Chart D
Actual automobile registrations, as given in Table VIII,
Appendix A, were:
Thousands
Calif. Mich. Mo.
681
862
1100
1319
1441
1600
1693
1800
1974
2041
2043
1975
1972
2006
2152
2328
2484
476
578
731
868
989
1119
1155
1249
1395
1328
1231
1136
1077
1149
1239
1374
1509
346
393
477
541
604
655
682
713
757
762
753
717
698
740
766
810
836
Trend equations are of
with origin arbitrarily set
Fla. D.C. Del.
98
116
152
195
286
402
395
353
346
328
323
286
279
335
356
387
421
40.6
52.8
74.8
88.8
103.1
111.5
111.7
126.6
151.4
156.7
173.5
161.2
149.8
163.1
171.5
181.3
183.7
21.4
24.6
30.0
35.1
40.1
44.8
47.1
51.2
55.0
56.1
55.2
52.3
51.1
54.2
56.6
59.6
86.8(?)
I-
the parabolic form, x = at2 + b,
on the 1920 ordinate; that is,
To = 1920. x is the trend of registrations, t = T - 1920
(number of years since 1920), and a and b are parameters
determined as explained on page 82~for trends in consumption
of gasoline per registered motor vehicle.
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Year
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
a
give up one car and as a result use the remaining car more.
There will be more leisure time in which to drive cars. Al-
though fewer people will be driving to work, more will be
driving around the city or the country looking for work.
Some unemployed people will try to liquidate their invest-
ments in their cars by using them in some kind of business,
such as the jitney business.
There will also be positive variations from the
trend in consumption per vehicle, when registrations fall
off, because people will be more habituated to automobiles
than formerly and will first give up newer and hence less
"essential" items in their budgets.
When registrations increase at more than the
average rate, consumption per vehicle will fall below the
trend for the opposite reasons.
Another reason for the variations found might be
the error involved in using registrations as an indicator of
motor vehicles in use. For if registrations increase more
than usual, it might be that the proportion of vehicles
scrapped would be sufficiently greater than usual to cause
the relative increase in actual "average" number of motor
vehicles in use to be less than the relative increase in
registrations. Hence, consumption per registered vehicle
would be less than the trend. And if registrations increase
less than usual, the number of cars scrapped might be so
PART III 90
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small that consumption per registered vehicle would increase./
But any error due to this effect does not need correcting
because it is measured by the regression equation connecting
the variables correlated. In so far as the amount of corre-
lation is due to the effect of this error rather than to
economic causes, adjustment of a forecast based on regi-s-
trations is merely a correction for this error rather than
an allowance for economic effects.
The Measurement of the Effect of Variations
in Motor-Vehicle Registrations on Motor-Fuel
Consumption per Motor Vehicle Registered
If motor-vehicle registrations increased at a
constant rat.e each year, and if there were no other factors
involved, indicated consumption of motor fuel per registered
motor vehicle would adhere to a smooth trend instead of
fluctuating above and below the trend. Correlating link
relatives of registrations (Table 22) with trend ratios of
consumption per motor vehicle (Table 24, page 94, "B -
Actual"), then, gives the measure of the effect of changes
in registrations upon gasoline consumption. Perhaps link
relatives of trend ratios of registrations should be used
to allow for the declining rate of growth in registrations,
-/To take a numerical example, suppose that registrations
were 25,000,000 and 4 per cent was the average rate of in-
crease, and that with this increase, 1,000,000, there would
be 500,000 cars scrapped. Then with an increase of 2,000,-
000, there might be 1,200,000 cars scrapped; and with an
increase of 500,000, only 100,000 cars scrapped.
1
PART III
LINK
Year U. S.
1922 117.0
1923 123.3
1924 116.6
1925 113.3
1926 110.3
1927 105.1
1928 105.9
1929 108.2
1930 100.2
1931 97.3
92
1932
1933
1934
1935
1936
1937
Year
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
93.4
98.8
104.7
105.1
107.6
105.6
TABIE 22
RELATIVES OF MOTOR-VEHICLE REGISTRATIONSa
Calif. Conn. Del. D. C.
126.6
127.7
119.9
109.2
111.0
105.8
106.3
109.7
103.4
100.1
96.7
99.8
101*7
107.3
108.2
106.7
114.1
118.8
119.5
115.4
105.0
107.0
110.1
115.9
100.9
107.2
90.6
97.9
111.8
104.3
108.6
109.6
115.0
122.0
117.0
114.2
111.7
105.1
108.7
107.4
102.0
98.4
94.7
97.7
106.1
104.4
105.3
145.8
130.0
141.7
118.7
116.0
108.3
100.2
113.3
119.6
103.5
110.7
92.9
92.9
108.9
105.2
105.7
101.3
Fla. Mich.
118.6
130.8
128.4
146.8
140.2
98.3
89.4
98.0
94.7
98.06
88.5
97.6'
120.0
106.3
108.6
108.8
121.3
126.4
118.7
114.0
113.1
103.2
108.1
111.7
95.2
92.7
92.3
94.8
106.7
107.8
110.9
109.8
Mo. Ohio Pa. R. I. Tenn. Tex. Wash.
113.3
121.4
113.4
111.8
108.3
104.2
104.5
106.1
100.6
98.8
95.3
97.3
105.9
103.6
105.6
103.2
119.1
124.4
116.2
108.4
110.0
106.1
105.0
107.1
99.5
97.3
92.9
97.8
103.8
106.3
103.6
105.1
120.3
125.8
117.7
108.2
109.4
106.9
105.6
105.5
101.2
99.3
95.6
98.2
102.8
103.8
109.9
106.8
121.1
115.4
125.2
106.6
108.7
106.6
106.5
106.6
101.8
101.1
96.7
102.2
104.5
104.4
107.1
105.3
116.0
127.8
118.1
119.5
114.3
105.4
109.3
112.5
101.6
95.2
85.2
104.5
107.7
104.6
108.2
103.6
112.4
130.8
116.6
121.6
107.7
105.8
109.3
111.0
101.3
94.9
92.3
100.4
109.2
105.3
106.9
99.0
113.6
122.6
114.4
111.2
110.6
105.9
104.8
109.8
100.9
94.4
105.8
96.0
98.8
107.5
110.2
106.8
aBased on Table VIII, App. A. Link relatives for 1937 are
based on Automotive Industries count for 1937 and 1936. All
other link relatives based on U. S. Bureau of Public Roads
figures.
a
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State
United States
California
Connecticut
Delaware
D. C.
Florida
Michigan
Missouri
Ohio
Pennsylvania
Rhode Island
Tennessee
Texas
Washington
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pler measure should be almost as accurate for a
series and hence preferable.
o test this method, several states were selected
tion coefficients and regression equations calcu-
hese are given in Table 23:
TABLE 23
ION COEFFICIENTS AND REGRESSION EQUATIONS FOR
D RATIOS OF CONSUMPTION PER MOTOR VEHICLE
AND LINK RELATIVES OF REGISTRATIONS
Years
1926-36
"4
1924-36
1925-36
1926-36
1922-36
1926-36
"6
"
"
1927-36
1926-36
"
"
r
-. 54
-. 55
-. 64
-. 70
-. 81
.51
-. 87
-. 74
-. 13
-.70
-. 90
-. 59
-. 13
-. 30
Regression Equationa
B=
B=
B-
B =
B.==
B.::
BB =
B =
B NOW
.184A
.322A
.552A
.471A
.691A
.143A
.425A
.893A
.05 7A
.657A
1.28 A
.202A
+ 119.1
+ 133.7
+ 157.5
+ 148.0
+ 172.7
+ 83.9
+ 144.0
+ 190.9
+ 105.9
+ 167.1
+ 232.3
+ 120.6
aA is link relative of motor-vehicle registrations; B is
trend ratio of motor-fuel consumption,
- here is some bias in the selection of states, since
those selected contain more cities for which price quota-
tions on gasoline are available and in which live a larger
proportion of the respective state populations, the object
having been to introduce price series into the correlations
if it seemed warranted. It was felt that the price series
for these states would be more reliable.
TABLE 24
COMPARISON OF FIT OF REGRESSION EQUATIONS RELATING LI NK a
RELATIVES OF REGISTRATIONS AND TREND RATIOS OF CONSUMPTIONa
United States California Connecticut
B B B B B B
Year Calc. Actual Cale. Actual Calc. Actual
1924 91.5 98.3
1925 93.8 92.0
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
98.8
99.8
99.6
99.2
100.7
101.2
101.9
100.9
99.9
99.8
99.3
99.7
98.1
100.0
100.0
100.5
101.6
104.4
100.6
98.7
100.0
98.3
99.0
99.3
98.0
99.6
99.5
98.4
100.4
101.5
102.6
101.6
101.0
99.1
98.9
99.3
-96.6
100.2
99.5
101.1
102.3
105.2
103.2
99.4
96.9
98.9
97.9
98.9
99.5
98.4
96.7
99.0
101.8
98.3
107.5
103.5
95.8
99.9
97.6
97.0
88.7
94.5
94.4
95.8
106.6
102.3
108.7
109.6
98.5
97.6
96.0
94.9
Delaware
B B
Calc. Actual
94.3 99.8
95.4
98.5
96.8
97.5
100.0
101.7
103.4
102.0
98.1
98.9
98.4
79.4
90.8
96.4
94.3
96.9
99.1
101.2
102.5
105.6
99.1
99.1
100.4
73.4(?)
D. C. Florida Michigan Missouri
B B B B B B B B
Year Calc. Actual Calc. Actual Calc. Actual Calc. Actual
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
97.8
103.4
94.4
90.0
101.1
96.2
108.5
108.5
97.4
100.0
99.6
102.7
101.3
107.5
98.8
89.1
92.3
92.9
105.8
112.4
98.9
98.9
99.0
106.6
100.9
102.6
102.3
104.9
103.9
98.0
96.7
97.9
97.4
98.0
96.6
97.9
101.1
99.1
99.4
99.5
97.0
96.1
99.4
112.1
106.7
92.8
93.0
93.5
99.9
101.7
102.7
102.6
97.5
101.2
101.1
104.5
95.9
100.1
98.1
96.5
103.5
104.6
104.8
103.7
98.7
98.2
96.9
97.3
98.4
98.1
97.5
97.2
102.2
106.9
104.5
103.6
100.0
99.7
93.0
100.8
94.2
97.8
97.6
96.2
101.1
102.7
105.8
104.0
96.3
98.4
96.6
98.7
94.7
94.4
94.1
93.5
104.5
108.5
102.2
103.3
99.4
96.8
99.6
97.1
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TABLE 24 (cont.)
C OMPARISON OF FIT OF REGRESSION EQUATIONS
RELATIVES OF REGISTRATIONS AND TREND RATIOS
Ohi o
B B
Calc. Actual
99.7
99.9
99.9
99.8
100.3
100.4
100.6
100.4
100.0
99.9
100.0
99.9
97.5
99.4
101.8
101.9
101.8
102.9
99.1
97.4
99.2
97.4
103.2
108.lb
Year
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
Year
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
97.5
99.3
98.5
97.9
100.1
101.4
103.4
99.5
98.8
99.5
98.7
99.7
94.3
98.8
99.8
97.5
102.6
104.4
100.7
96.3
100.0
99.1
101. 1b
103.9
Penn sylvania
B B
calc. Actual
95.2
96.9
97.7
97.8
100.6
101.9
104.3
102.6
99.6
98.9
94.9
96.9
94.2
95.9
93.0
101.1
95.7
105.2
103.3
102.1
1Q3.8
99.9
96.1
98.7
Texas
B B
Calc. Actual
r
too
low
96.6
99.6
99.1
98.4
98.5
102.9
98.4
98.3
99.4
99.3
104.6
115.5
RELATING LINK aOF CONSUMPTION
Rhode Island
B B
Calc. Actual
95.9
96.0
95.9
102.0
102.9
108.5
101.5
98.5
98.7
95.2
97.5
98.3
91.6
95.2
101.1
105.3
107.4
100.3
100.8
98.6
95.2
87.2
Washington
B B
Calc. Actual
r
too
low
97.5
98.7
102.5
102.3
104.0
111.5
93.7
92.5
101.6
97.9
100.6
99.1
a"B-Calc." is trend ratio of consumption per vehicle as
calculated by regression equations given in Table 23; that
is, it is the estimate of consumption per vehicle based on
actual increase in registrations. "B-Actual" is actual
trend ratio of consumption per vehicle, or the ratio of
actual consumption per vehicle to the corresponding trend
figure obtained from the equation of trend given in Table 20.
bBased on registrations for 9 months, 1936 and 1937.
Tennessee
B B
Calc. Actual
95
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The fit of the regression equations is indicated
in Table 24, which shows calculated and actual consumption
per vehicle for each state for each year. A more precise
comparative measure of the goodness of fit of the regres-
sion equations may be determined as follows: Suppose con-
sumption to be determined from only the trend in consump-
tion per vehicle and the registrations for each year. But
fluctuations in registrations cause fluctuations in consump-
tion per vehicle. The trend in consumption per vehicle
takes account roughly of the trend in number of vehicles,
but not of fluctuations in this trend. This latter varia-
tion, however, is supposedly accounted for by the regres-
sion equation of B on A. The extent to which it does this,
although indicated by the value of r, may be comparatively
measured by the percentage reduction in the error caused by
determining consumption merely by multiplying the trend
figure of consumption per vehicle by registrations for the
corresponding year.
Suppose the regression equation indicates that a
ten per cent increase in registrations reduces consumption
per vehicle to 96 per cent of the trend. Then the error
caused by using the trend alone would be 100-96 996 96F
But suppose actual consumption per vehicle is 97 per cent
of the trend due to the action of other factors, including
errors, besides changes in registrations. The actual error
then would be 3/97. But use of the regression equation
PART III 7
97 -96 _1
gives an estimate that is 97 - too low. Use of97 97
the regression equation, therefore, reduces the error from
3/97 to 1/97, or two-thirds.
If the absolute reductions in error are aggregated
for each series and compared with the absolute errors that
would otherwise result, we will have a comparative measure
of the fit of the regression equation in each case. These
measures are given in Table 25:
RELATIVE FITI
State
United States
Calif. (
Calif. (incl. price)
Conn.
Del.
D.C.
Fla.
Mich.
Mo.
Ohio
Penna.
Penna. (incl. pay rolls)
R.I.
Tenn.
Texas
Wash.
TABLE 25
OF REGRESSION CURVESa
Avg. %
Reduction
r in "error"
-.54 6.9
-. 55 19.3
26.3
-. 64 29.3
-.70 28.7
-.81 39.1
.51 - 3.6
-. 87 49.8
-. 74 32.0
-. 13 - .5
-.070 35.9
48.4
-. 90 56.9
-.59 9.6
-.13
-. 30
Relative
Reduction
in "error"-137
.3/.7
.7/1.1
.8/1.1
3.0/5.1
20.6/26.6(?)
2.7/6.6
- .5/4.5
-2.7/.8
1.3/2.9
-. 1/8.1
.5/1.3
.7/1.3
2 .5/12.8
.3/3.9
aAs determined from data in Table 24.
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The reductionsin the estimates for 1937 are not
included in the average percentage reductions in error
given for each state in Table 25 because the figures for
1937 were not included in the basic calculations. That i.s,
the measures are only indices of the goodness of fit of the
equations and not of their accuracy in estimating. The
reductions or increases in error for 1937 are shown in a
separate column, however, for each state. But it should
be mentioned that 1937 registration figures are from a
different source than those used in determining the re-
gression equations because figures from the same source
as the earlier ones were not available at the time of writ-
ing.
The use of a regression equation in forecasting
gasoline consumption may be illustrated for the state of
Connecticut. The regression equation is
B = -.552A -+- 133.7.
The projected trend of x for 1937 is 783. Assume various
values of A and calculate B, X3, and X, (Table 26). The
most probable value of A gives the most probable value of
consumption, which can then be compared with estimates
determined by other means.
aSee notes on Table VIII, App. A.
B
T.R.
of Cons.
per Veh.
102.3
101.2
100.1
99.0
97.9
96.8
x Est. Regs.
Trend
of Cons. (X3=
per Veh. .01-A-398,000)
783 398,000
783 406,000
783 414,000
783 422,000
783 430,000
783 438,000
Est. Cons.
(gallons)
(Xi
.01B-xX.X)
319,000,000
322,000,000
324,000,000
327,000,000
330,000,000
332,000,000
Actual
109.6 94.9 436,000 324,000,000
Other Factors Causing Deviations of
Consumption per Vehicle from its Trend
It will be noted that changes in registrations
account for less than half of the variations in trend ratios
of consumption per vehicle, and in some cases the effect is
entirely obscured. Errors in the data are doubtless the
cause of much of this inaccuracy. But the introduction of
additional factors should improve the results already ob-
tained. It was not possible to thoroughly investigate all
A
Est.
L.R.
of Reg.
100
102
104
106
108
110
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TABLE 26
ILLUSTRATION OF USE OF REGRESSION EQUATION
Estimation of Gasoline Consumption
for State of Connecticut for 1937
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possibilities of this nature, but several were inspected and
a few were tested out.
One of these other factors is price. In Table
IIII-B, Appendix A, are given average annual state gasoline
prices for the states selected for study. Comparison of
the series of prices did not indicate that results in this
field of investigation would be very fruitful. It was
found in Part I that price has some effect on consump-
tion, but not a very great effect. Furthermore, price does
not vary a great deal. There does seem to have been a de-
cided effect upon consumption in 1931, when the price gen-
erally fell about three cents, but in other years the effects
of changes in price were quite small.
Triple correlation of link relatives of registra-
tions, trend ratios of consumption per vehicle, and link rela-
tives of annual state prices of gasoline for California
improved the results slightly for that state, but not very
significantly. Price data, such as are given in Table 3II-B,
Appendix A, should be considered, nevertheless, in making
estimates for individual states or territories. Although
future gasoline prices would be almost impossible to esti-
mate directly, a fairly accurate estimate could be made of
the effect on price of a given change in total gasoline
output.
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The index of department store sales for Connecti-
cut (Table XXIV, Appendix A) shows some, but not a marked,
correlation, on inspection, with trend ratios of consump-
tion per vehicle in Connecticut. Comparison of changes
in indexes of department store sales by Federal Reserve
Districts, and of "Retail Trade by Regions" (Table XXIII,
Appendix A) with link relatives of consumption for states
in the respective Districts indicates an even less definite
relationship, possibly because the indexes by Federal Reserve
Districts cover more than one state.
-Rates of change in some of the barometers of re-
gional trade given in Table =XII, Appendix A, show some re-
lationship to trend ratios of consumption per vehicle, or
to the errors of estimates based on changes in registrations
(the errors or variations remaining after allowing for the
effect of changes in registrations). But the relationship
does not appear strong enough to warrant mathematical in-
vestigation, and in addition the series does not cover a
long enough period of time.
Correlating link relatives of factory pay rolls
in Pennsylvania (for index of pay rolls see Table XXI, Ap-
pendix A) with A and B somewhat improved the results obtained
with A and B alone. The percentage reduction in error of
fit of the curve was increased from 35.9 per cent to 48.4
per cent (Table 25, page 97), while the negative reduction
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in error for 1937 was changed to a positive reduction. Re-
sults obtained with this index indicate the possibilities
in this direction from accurate and definitely localized
indexes which are more indicative of general purchasing
power and which cover a longer period of time than most
other indexes at the present time. The index of pay rolls,
both commercial and industrial, begun in 1932 for the State
of Pennsylvania (Table X3I, Appendix A) should prove to be
a useful index of this sort.
Conclusions
Correlation of consumption and factors affecting
consumption for individual states gives much less reliable
results than for the country as a whole. One reason is that
more reliable data are available for the United States.
Another reason may be that demand in a given state is part-
ly determined by factors existing in other states, as in the
case of tourist travel, while the country as a whole is more
isolated in this respect. Nevertheless, the interesting
inverse effect of changes in registrations on the trend in
consumption of gasoline was discovered and measured. With
the development of more usable economic data for each state
or section, further refinement in this type of analysis will
become possible.
APPNDIX A
TAB28 OF BASIC DATA
APPENDIX A
TABLE I
U. S. 10OR FUEL SUPPLY AND 1MAND, 1921-37X
(Thousands of barrels)
8ro S u -p .p 1 -Y F o o D e m a n d 5 - i iPro- From / To /.Doestic
Year duction Imports Stocks Stock Exports C tiont
1921 122,704 900 2,946 13,134 107,524
1922 147,672 1,479 7,087 14,157 127,907
1923 179,903 4,555 4,549 20,741 159,168
1924 213,326 3,453 2,809 28,967 185,003
1925 259,601 3,813 8,052 31,497 223,865
1926 299,734 5,540 148 43,313 261,813
1927 330,435 5,002 5,707 44,337 296,807
1928 380,990 4,198 257 53,412 332,033
1929 439,393 8,834 10,169 62,059 375,999
1930 440,728 16,927 2,720 65,575 394,800
1931 437,453 13,621 1,940 45,716 403,418
1932 399,712 8,205 1,421 35,438 373,900
1933 407,932 15 1,623 29,321 377,003
1934 423,801 1 11,223 24,686 410,339
1935 468,021 2,598 30,613 434,810
1936 516,266 6,014 28,646 481,606
1937 570,979 14,245 37,974 518,760
(prel.)
xSource: U. 8. Bureau of Mines: Petroleum Refinery Sta-
tistics, 1921-24; Petroleum Statistics, 925-26; Annual
Petroleum Statement, 1927-36; Monthly Petroleum Statemient,
Dec., 1937. The latest revised figures were usel i eaci
case. The 1921-27 figures apparently do not include benzol.
Note difference between the production figures for these
years and those corresponding figures given in Tables III
and IV-A. By adding benzol figures for 1921-24 , given
in Table IV-A, to the production figures given in this table,
Table I, the production figures given in Table III are ob-
tained exactly. But addition of 1925-27 benzol figures
is not sufficient to give the 1925-27 figures in Table
APPEDIX A
IV-A; apparently additional revisions were made in these.
Other production figures check exactly, except that the
1930 production figure in Table III is probably an error.
...Changes in stocks of motor fuel as given here are calcu-
lated from other figures in the table and are not necessar-
ily equal to differences in stocks on hand, as reported,
because of changes in basis of reporting stocks.
AConsumption includes losses due to evaporation.
IVAPPEDIX A
TABLIE II-A
U. 8. MOTOR FU3L SUPPLY AFD TlrPXAWD, 1918-30
(Thousands of barrels)
Pro-
Year duction
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
86,280
95,732
118,022
124,052
149,360
182,230
215,529
262,252
302,769
334,049
380,990
439,393
1930 440,728
Supply
Imports
307
203
964
900
1,479
4,555
3,453
3,813
5,540
5,002
4,198
8,834
16,927
From
Stocks
2,736
5,718
257
2,720
Demand
Stoeks
3,558
371
2,945
7,089
6,971
2,809
8,052'
13,650
9,142
15,678
13,363
14,362
21,094
29,151
31,684
149 43,769
44,951
53,412
10,169 62,059
65,575
Demand
75,673
83,235
102,937
108,644
129,388
158,720
187,022
226,329
264,391
299,818
332,033
375,999
394,800
'See p. vi for source.
4 hange made in basis of computing stocks - difference of
8,052 based on old figures.
AWPENIX A
Pro
Year ducti
TABI II-B
U. 8. GASOLINE SUPPLY AND DiND
1918-1930'
(Thousands of barrels)
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
8 u p p 1 rm
-
on
85,007
94,235
116,251
122,704
147,672
179,903
213,326
259,601
299,7-34
330,435
376,945
435,078
1930 432,241
Imports
307
203
964
900
1,479
4,555
3,453
3,813
5,540
5,002
4,198
8,834
16,927
From
Stocks
2,736
5,707
250
2,716
To
Stocks
3,558
371
2,945
7,089
6,971
2,809
8,052
De m a n d
Exports
13,544
9,097
15,636
13,134
14,156
20,741
28,967
31,497
148 43,313
44,337
52,904
10,179 61,265
Domestic
Demand
74,506
81,783
101,208
107,525
127,906
156,746
185,003
223,865
261,813
296,807
328,489
372,468
63,195 388,689
XFor source of data see p. vi.
APPENDIX A
Notes on Tables II-A and II-B
Source: U. S. Bureau of Mines: Petroleum Reffinerye
Statistices, 1930, Bulletin 367, by G. R. Hopkins, pp. 20-21.
The distinction drawn between "gasoline* and *motor
fuel* is given on page 54 of the Buelltin: *by 'gasoline
production' is meant the output of gasoline and naphtha at
refineries; 'motor-fuel production' is a broader term and
includes all of the gasoline production just described, plus
the relatively small quantities of motor fuel produced
elsewhere than at refineries. The motor fuel produced else-
where than at refineries, which amounts to only two per cent
of the total motor-fuel production, includes all the benzol
produced at by-product coke plants and that part of the
natural-gasoline production which is not handled by the
refineries. The latter classification, natural gasoline
not delivered to refineries, may be further broken down into
the natural gasoline which goes direct from the plants to
jobbers and that which is blended by the manufacturers with
naphtha or other oils obtained from refineries."
Naphtha is blended with natural gasoline to produce
motor fuel (see p. 55 of the Bulletin quoted).
APPENDIX A
TABLE III
DOMESTIC MOTOR FUEL PRODUCTION AND DEMAntD,
(Thousands of barrels)
1920-361
Year
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936 (prel.)
Production
118,022
124,052
149,360
182,230
215,529-
262,252
302,769
334,049
380,990
439,393
1420,728
437,453
399,712
407,932
423,801
468,021
515,485
Domestic
Demand
102,937
108,644
129,388
158,720
187,022
226,329
264,391
299,818
332,033
375,999
394,800
403,418
373,900
377,003
410,339
434,810
481,591/_
71921-32 figures from Petroleum Investigation, Hearings
before a Subcommittee of the Committee on Interstate and
Foreign Commerce, House of Representatives, 73d Congress,
1934, Part I, p. 99, Tables I and II; 1933-36 figures from
U. 8. Bureau of Mines: Crude Petroleum and Petroleum Pro-
ducts, pp. 1025, 1030. The table on page 1025 gives do-
mestic demand for 1934 as 407,106,000 barrels; other sources,
including table on page 1030, give 410,339,000 barrels.
Z*Preliminary figure; Annual Petroleum Statement, 1936,
Final Summary, gives 481,606,000 barrels.
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TABLE IV-A
U. S. MOTOR FUEL SUPPLY, 1918-37
(Thousands of Barrels)
Produc-
tion of
Fini shed
Gasoline
- Straight
Run and
Year Cracked
1918 82,556
1919 91,278
1920 113,098
1921 120,187
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
144,010
174,416
200,655
239,965
272,038
298,273
341,722
388,621
389,071
396,394
366,291
376,245
388,770
426,817
470,994
519,643
Natural
Gasoline
Produc-
ti on
6,727
8,370
9,161
10,713
12,044
19,434
22,235
26,845
32,455
39,075
43,191
53,183
52,631
43,617
36,281
33,810
36,556
39,333
42,770
48,550
From / Total
Stocks- SupplyBenzol
1,273
1,497
1,771
1,348
1,688
2,327
2,203
1,857
2,112
2,562
2,809
3,055
2,689
1,826
1,031
1,368
1,708
1,871
2,502
2,786
307
203
964
900
1,4
4,5
3,4
3,8
5,5
5,0
4,1
8,8
16,9
13,6
8,2
2,736 93,599
101,348
124,994
133,148
79 159,221
55 200,732
53 228,546
13 272,480
40 312,145
02 5,406 350,318
98 373 392,293
34 453,693
27 1,866 463,184
21 455,458
05 1,421 413,229
15 411,438
1 7,990 435,025
468,021
78 516,344
87 571,066
Note: Footnotes for Tables IV-A and IV-B on p. x.
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TABLE IV-B
U. S. MOTOR FUEL DEMAND, 1918-37
(Thousands of barrels)
Domestic
Demand
79,949
88,648
108,945
116,840
137,770
174,462
196,586
232,745
268,128
305,367
338,881
382,878
397,609
407,843
377,791
380,494
410,339
434,810
481,606
518,760
Exports
13,650
9,142
15,678
13,363
14,362
21,094
29,151
31,684
43,769
44,951
53,412
62,059
65,575
45,716
35,438
29,321
24,686
30,613
28,646
37,974
To/
Stocks-
3,558
371
2,945
7,089
5,176
2,809
8,051
248
8,756
1,899
1,623
2,598
6,092
14,332
Note: Footnotes for Tables IV-A and IV-B on p. x.
Year
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
Total
Demand
93,599
101,348
124,994
133,148
159,221
200,732
228,546
272,480
312,145
350,318
392,293
453,693
463,184
455,458
413,229
411,438
435,025
468,021
516,344
571,066
APPENDIX A
Notes on Tables IV-A and IV-B
x Source: American Petroleum Institute: Statistical
Bulletin, Mar. 31,1938, Form No. 8, "Motor Fuel.
Estimated by Bureau of Mines with by-product coke as
a basis.
Net change in stock of finished gasoline and, after
Jan. 1, 1925, of natural gasoline.
Figures given in this table are apparently U. S. Bureau
of Mines preliminary figures. For example, the preliminary
domestic demand figures for 1931 and 1932 were 407,843,000
and 377,791,000 barrels, respectively, while the final
figures were 403,418,000 and 373,900,000 barrels. However,
figures from 1934 on are final figures.
APP
TABLE V
U. S. MONTHLY CONSUMPTION OF MOTOR FUEL, 1931 A}JD 19 3 5
(Indicated Demand)
Month
January
February
March
April
May
June
July
August
September
October
November
December
TOTAL
1931
26,404
26,052
30,770
33,947
36,104
38,631
39 ,?38
39,462
36,662
35,093
30,533
30,522
403,418
1935
28,147
26,580
32,272
36,363
39,381
38,086
41,479
43,097
37,976
41,566
35,991
33,872
434,810
xU S. Bureau of Mines: Annual Petroleum Statement, 1931
Final Summary, p. 10; 1935 Final Summary, p. 3. Variations
of indicated consumption from actual consumption, perhaps
as high as 2 or 3 per cent in some months, occur as a result
of speculative buying and selling.
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TABLE VI-A
ASOLINE CONSUMPTION BY STATES,
(Thousands of Gallons)
APPENDIX A
G
State
Alabama
Arizona
Arkansas
California
1 9 2 1
32,068
1 9 2 2
45,589
17,461
31,639
1920-37
1 9 2 3
65,476
21,835
42,893
Colorado 51,339 59,987 66,314 75,796 92,598
Connecticut 78,995 91,318 111,109
Delaware 16,136
D. C.
Florida 52,772 61,487 70,652 93,380 126,036
Georgia 82,222 77,688 84,178 105,625 123,503
Idaho 27,283
Illinois
Indiana 132,661 155,110 174,850 199,745 247,118
Iowa 46,695
Kansas 130,063 138,011 160,009 185,535
Kentucky 52,628 68,731 86,606
Louisiana 88,375 113,072
Maine 52,245
Maryland 74,318 86,909
Massachusetts
Michigan
Minnesota 114,923 139,151 148,929 186,076 213,461
Mi ssissippi 49,356 61,562
Missouri 137,513 158,550 231,284
Montana 34,385
Nebraska 82,361 91,974 97,228 113,149 124,277
Nevada 8,118
New Hampshire 30,627
New Jersey
New Mexico 14,802 15,295 18,797
New York
North Carolina 153,492
North Dakota 42,179 39,290 35,211 42,235 50,935
Ohio
Oklahoma 89,210 88,157 120,595 146,659
Oregon 44,975 50,968 57,173 73,108 86,448
Penna. 268,353 341,370 454,477
Rhode Island
South Carolina 48,270 57,684 74,108
South Dakota- 43,864 55,054 63,802
Tennessee 86,379
Texas 374,879
Utah 28,180
Vermont 23,393
Virginia
Washington
West Virginia
Wisconsin
Wyoming
U. S. 632,023
95,299 122,581 143,091
63,854
20,540
973,691 1,795,116 2,422,554 4,661t711
xii
1 9 2 4
86,932
24,362
60,417
729,102
1 9 2 0
28,591
TABLE VI-A (cont.)
GASOLINE CONSUMPTION BY STATES, 1920-37
(Thousands of Gallons)
State
Alabama
Arizona
Arkansas
Calif.
Colorado
1 9 2 5
106,994
28,531
83,543
811,660
98.743
1 9 2 6
127,932
32,609
100,108
905,888
112.380
1 9 2 7
147,225.
41,237
99,394
1,017,681
129.184
1 9 2 8
168,276
57,316
119,184
1,101,404
142.015
1 9 29
178,162
72,862
134,606
1,253,337
155.508
Conn. 126,831 134,469 159,953 182,307 202,355
Delaware 17,832 19,993 24,273 27,706 32,576
D. C. 44,831 51,001 57,804 63,579 71,884
Florida 211,961 286,971 247,951 224,704 2239809
Georgia 146,078 170,204 192,262 206,138 220,602
Idaho
Illinois
Indiana
Iowa
32,031 39,420
277,285 305,984
251,004
43,343
312, 40
349,995
309,098
50,148
388,466
306,651
55,125
388,65'
432,095
335,629
Kansas 211,728 240,817 270t615 315t671 360,928
Kentucky 99,802 103,849 118,273 134,836 154,816
Louisiana 134,829 135,429 151,605 169,046 176,770
Maine 58,306 62,152 74,738 82,203 96,036
Maryland 102,265 117,876 131,500 143,358 163,309
Mass. 501.909
Michigan 537,906 593,372 673,335 785,269
Minnesota 245,977 266,147 289,686 328,434 357,904
Miss. 85,780 105,887 117,756 129,157 141,451
Missouri 259,164 289,749 322,219 355,001 392,957
Montana 39,599 48,612 539248 749272 79.16
Nebraska 141,556 152,787 169,677 198,450 224,894
Nevada 9,251 10,840 12p720 14,378 17,813
N. H. 35,799 38,922 45972 48,235 58,323
N. J. 204,143- 422,348 498,064
N. M. 20,994 24,757 30,654 369793 45979
New York 1,0415
N. C. 183,963 194,662 219,583 246,087 265,112
N. D. 66,368 75,971 88,641 117,169 124,383
Ohio 680,157 770,801 860,631 953,552
Oklahoma 182,756 214,363 2519462 2809781 316t302
Oregon 101,073 118,492 130,885 144,283 163,672
Penna. 525,078 588,379 691,557 759,027 924,286
R. I. 55,223 61,436 65t872 77,827
s. C. 84,903 90,113 101,772 109,938 118,596
S. D. 75,164 75,477 889031 110,652 123,93
Tennessee 122,000 129,131 148,952 171,276 195,036
Texas 464,179 514,641 591,447 670,817 769,608
Utah 31,858 35,916 41,774 47,634 56,547
Vermont 25,862 27,655 33,167 37,312 43,992
Virginia 128t650 1429866 166782 183,447 208,304
Wash.
W. Va.
Wisconsin
Wyoming
U. S.
163,009
77,307
205800
5p68t34
185,037
85,746
268,682
239179
203,421 227,043 253,457
102,655 111,345 126,539
313,586 357,146 393,396
26 218 31,794 34 547
9, , 1698 75,66513,Vb&qz
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Ala
Ari
Ark
Cal
Col
TABLE VI-A (cont.)
GASOLINE CONSUMPTION BY STATES, 1920-37
(Thousands of Gallons)
1 9 30
172,537
76,194
138,632
1,335,556
170,855
19 3 1
162,672
74,461
127,074
1,401,544
176.394
1 9 3 2
136,435
66,047
114,031
1,352,570
158,898
1 9 3 3
133,885
64,506
121,195
1,323,482
159,917
1 9 3 4
155,047
73,219
140,156
1,334,177
172,756
Conn. 234,298 247,891 245,184 248,126 254,933
Delaware 35,997 38,106 38,259 40,210 41,556
D. C. 80,538 93,493 102,695 104,852 103,734
Florida 228,960 231,988 208,913 205,568 236,775
Georgia 224,188 221,893 199,031 210,575 239,498
Idaho 61,570 59,753 52,392 52,314 65,770
Illinois 973,208 1,047,687 950,822 970,986 1,025,918
Indiana 456,101 481,471 440,992 439,009 465,438
Iowa 393,115 412,424 356,445 355,568 403,803
Kansas 386,755 388,384 350,554 349,928 378,781
Kentucky 168,278 176,203 164,058 166,292 184,367
Louisiana 184,781 187,955 166,014 163,139 178,457
Maine 109,001 116,199 110,732 107,583 116,993
Maryland 182,348 188,930 193,950 191,010 206,279
Mass. 544,245 577,197 568,773 561,164 587,789
Michigan 817,295 821,584 765,063 740,297 781,971
Minnesota 401,440 441,914 401,081, 401,723 431,545
Miss. 135,732 123,000 107,623 115,637 131,263
Missouri 461,739 492,572 458,672 465,876 489,401
Montana 77,476 75,645 67,860 69,844 85,484
Nebraska 428,898 228,200 198,914 194,698 223,374
Nevada 19,502 23,544 43,329 20,629 24,707
N. H. 64,743 68,305 65,746 65,871 70,640
N. J. 644,658 711,128 698,790 698,779 734,521
N. M. 54,661 52,222 46,760 48,342 56,154
New York 1,511,997 1,625,571 1,587,606 1,541,989 1,569,195
N. C. 263,475 255,691 232,071 241,416 279,796
N. D. 120,034 114,789 97,918 99,725 102,931
Ohio 975,582 984,809 903,091 886,640 955,470
Oklahoma 323,112 300,357 268,128 275,100 300,431
Oregon 170,701 174,550 158:199 158,904 165,978
Penna. 928,842 1,062,602 1,041,061 1,048,463 1,136,344
R. I. 88,832 98,157 101,039 100,202 108,864
s. C. 119,213 121,239 104,361 111,940 132,347
S. D. 140,580 134,514 110,709 100,340 109,514
Tennessee 215,244 214,369 180,722 185,164 212,037
Texas 806,505 826,107 751,084 774,413 875,034
Utah 60,547 61,175 54,207 54,705 64,140
Vermont 46,998 49,151 46,860 44,151 48,550
Virginia 228,453 244,151 229,480 233,,439 25 ,1
Washi.
W. Va.
Wisconsin
Wyoming
264,852 27,0 2t Z426
140,411 143,981 129,621
437,878 455,649 408,667
36,615 39,477 35,375
U. S. 15,943,17216,628,88015,497,15815,436,324 16,587,356
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bama
zona
ansas
if.
orado
236,90
129,082
387,490
35,466
147,609
420,725
43,986
_xil
APP
Sta
Ala
Ari
Ark
C al
Col
1 9 3 5
172,477
80,944
143,379
1,480,008
184,442
1 9 3 6
199,040
91,068
148,276
1,607,773
194,949
1 9 3 6
204,623
95,648
154,222
1,653,597
204,746
1 9 3 7
225,865
103,869
167,323
1,757,844
221.027
Tennessee
Texas
Utah
Vermont
Virginia
Washington
W. Va.
Wisconsin
Wyoming
224,35
942,268
71,121
51,388
282,436
273,586
159,090
442,444
49,498
252,665
1,084,654
78,183
57,697
316,556
313,739
180,582
488,287
56,296
1,096,243 1,208,191
80,940 88,463
60,026 65,796
316,556 342,618
319,473 334,468
181,334 196,133
504,522 541,100
589679 63,972
17,632,143 19,011,522
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TABLE VI-A (cont.)
GASOLINE CONSUIPTION BY STATES, 1920-37
(Thousands of Gallons)
te
bama
zona
ansas
if.
orado
Conn. 269,399 293,424 299,405 323,937
Delaware 45,104 49,742 50,581 54,678
D. C. 112,540 122,245 127,204 136,984
Florida 263,010 288,079 310,502 326,141
Georgia 264,618 298,673 302,483 322,759
Idaho 72,352 83,039 87,847 94,608
Illinois 1,069,243 1,191,915 1,191,916 1,293,365
Indiana 496,835 561,709 561,428 612,675
Iowa 421,152 460,298 460,208 503,879
Kansas 409,941 316,438 450,331 470,172
Kentucky 201,325 228,333 228,333 251,843
Louisiana 185,851 212,547 216,401 235,702
Maine 120,879 133,109 134,521 145,496
Maryland 217,266 241,500 245,232 270,192
Mass. 612,557 654,309 657,753 696,854
Michigan 862,367 912,658 995,781 1,110,607
Minnesota 456,444 462,685 480,874 509,632
Miss. 147,335 162,144 170,885 189,825
Missouri 509,061 567,750 567,601 585,736
Montana 96,326 105,814 109,422 113,840
Nebraska 226,673 223,222 230,362 229,110
Nevada 26,541 29,416 34,226 37,368
N. H. 73,904 80,898 80,898 85,511
N. J. 735,771 710,831 745,482 820,576
N. 7. 62,340 76,071 75,849 88,682
New York 1,610,544 1,658,139 1,721,830 1,815,062
N. C. 309,800 343,677 348,154 389,442
N. D. 120,077 102,820 111,373 121,741
Ohio 1,014,926 1,133,351 1,167,887 1,270,565
Oklahoma 327,551 354,849 365,737 386,572
Oregon 183,005 211,915 215,778 226,827
Penna. 1,171,438 1,277,225 1,283,280 1,417,477
R. I. 114,786 122,289 118,362 122,366
S. C. 144,729 161,133 163,927 188,169
S, D, 1189967 109,510 113,381 113,721
U. 8. 19,622,163 21,146,204
M
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Notes on Table VI-A
XSources:-
1920-25: American Petroleum Institute: Bulletin,
various numbers. In some cases figures were
collected on an inspection law basis as well as
a sales tax basis. The inspection law figures,
which were higher, were used in these instances.
1926-36: National Automobile Chamber of Commerce:
Facts and Figures of the Automobile Industry;
and Automobile Manufacturers Association, Inc.:
Automobile Facts and Figures, Tables on gaso-
line consumption by states, as compiled by Amer-
ican Petroleum Institute, were used, except 1936
figures were gross amount assessed for taxation,
as compiled by the U. S. Bureau of Public Roads,
since 1937 edition did not have a table on
gasoline consumption by states but only a table
on gasoline taxation. Some of the figures are
based on sales tax collections, some on inspec-
tions, some on imports or receipts - hence the
reason for 1936 figures in firbt column, which
are based entirely on sales taxes, being less
than those in second 1936 column.
1936-37: American Petroleum Institute: Statistical
Bulletin, Feb. 23, 1938, p. 5. The explanation
accompanying the tabulation in the Statistical
Bulletin is a pertinent comment on the reliability
of state consumption figures for purposes of
comparison:
"The figures set out below, which are based
on the quantity of gasoline sold or offered for
sale, as reported by wholesalers and dealers in
the states listed, under provisions of the gaso-
line tax or inspection laws, reflect, as nearly
as it has been possible to obtain it, the con-
sumption of gasoline. . .
"While it is felt that the figures herewith
are fairly comparable, it must be borne in mind
that more or less widespread tax evasion and
changes in the basic laws under which the figures
were collected over the period compared may
have disturbed the comparability of the figures.
APPENDIX A xvi-b
It is, therefore, not correct to base percentage
changes in demand upon the figures presented
herewith. All demand calculations used by the
American Petroleum Institute are based upon
Bureau of Mines' monthly statistics, which we
regard as being more truly indicative of actual
consumption. As we see the figures set out
below, they represent a break-up, as nearly
correct as it is possible to obtain it, by
states, of the total demand in the United States,
as calculated from Bureau of Mines' monthly
statistics."
Last 5 months.
Last 6 months.
Last 8 months.
The amount by which consumption based on state figures
falls short of consumption based on refinery figures is
shown in the following table (VI-B), in which comparisons in
both gallons and barrels are made:
APPNDIX A
TABLE VI -B
COMPARISON OF DATA ON MOTOR FUEL CONSUMPTION
IN THE UNITED STATES
1920-1937
Thousands of Barrels
U.S.B.M.L
Figures
102,937
108,644
129,388
158,720
187,022
226,329
264,391
299,818
332,033
375,999
394,800
403,418
373,900
377,003
410,339
434,810
481,591
518,760
Millions of Gallons
State
Figures
632
974
1,795
2,423
4,662
5,684
8,179
9,750
10,696
13,962
15,943
16,629
15,497
15,436
16,587
17,632
19,012
21,146
U.S.B.M.
Figures
4,32Z
4,563
5,434
6,666
7,855
9,506
11,104
12,592
13,945
15,792
16,582
16,944
15,704
15,834
17,234
18,262
20,227
21,788
AAll states included only from 1930 on.
LFrom Table III, except 1937 figure from
'-From Table VI-A.
Table I.
Year
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
State
Figures
15,048
23,183
42,741
57,680
110,993
135,341
194,747
232,140
254,659
332,431
379,599
395,926
368,980
367,532
394,937
419,813
452,655
503,476
Xlii
TABLE VII
U. S. MOTOR VEHICIE REGISTRATIONS, 1921-37
(As of December 31)
Passenger
Year Carsx
9,346,195
10,862,650
13,479,608
15,460,649
17,496,420
19,237,171
20,219,224
21,379,125
23,121,589
23,059,262
22,366,313
20,885,814
20,616,234
21,532,408
22,583,420
24,197,685
Motor
TrucksX
1,117,100
1,375,725
1,612,569
2,134,724
2,440,854
2,764,222
2,914,019
3,113,999
3,379,854
3,486,019
3,466,571
3,229,315
3,227,357
3,419,254
3,647,474
4,023,606
Total
Registered
Motor
VehiclesX
10,463,295
12,238,375
15,092,177
17,595,373
19,937,274
22,001,393
23,133,243
24,493,124
26,501,443
26,545,281
25,832,884
24,115,129
23,843,591
24,951,662
26,230,834
28,221,291
Unregi s-
tered
Total Tax-
Registered Exempt
Motor Official
Vehicles CarsX
26,657,072
25,993,896
24,341,822
23,849,932
24,881,467
26,225,757
28,091,709
29,654,847
152,007
173,619
172,250
180,141
213,845
271,508
283,957
299,268
xAutomobile Manufacturers Association, Inc.: Automobile
Facts and Figures, 1937 edition, p. 16. Figures compiled by
U. S. Bureau of Public Roads.
xAutomotive Industries count, as given in National Petro-
leum News, Mar. 9, 1938, p. 41. Division between passenger
cars and trucks in 1936 and 1937 was as follows: rassenger
cars (including buses in some states), 24,161,820 and 25,-
460,397, respectively; trucks and buses, 3,929,889 and 4,-
194,450, respectively.
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
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TABLE VTII
TOTAL MOTOR VERICIE REGISTRATIONS BY STATES--1921-37X
State 1921
Ala.
Ariz.
Ark.
Calif
Colo.
82,366
35,611
67,408
680,614
145,739
1922 1923
90,052
38,034
84,596
861,807
162,328
126,642
49,175
113,300
1,100,283
188,956
1924
157,262
57,828
141,983
1,319,394
213.247
1925
194,580
68,029
183,589
1,440,541
240,097
Conn. 134,141 152,977 181,748 217,236 250,669
Del. 21,413 24,560 29,977 35,136 40,140
D.C. 40,625 52,792 74,811 88,762 103,092
Florida 97,957 116,170 151,990 195,128 286,388
Georgia 131,976 143,423 173,889 207,688 248,093
Idaho 51,294 53,874 62,379 69,227 81,506
Ill. 663,348 781,974 969,331 1,119,236 1,263,177
Ind. 400,342 469,939 583,342 651,705 725,410
Iowa 461,084 500,158 571,061 616,128 659,202
Kans. 289,539 327,194 375,594 410,891 457,033
Kent. 126,802 154,021 198,377 229,804 261,647
La. 77,885 102,284 136,622 178,000 207,000
Mai e 77,527 92,539 108,609 127,598 140,499
Md.Z.* 136,249 165,624 169,351 198,465 234,247
Mass. 360,732 385,231 481,150 570,578 646,153
Mich. 476,452 578,210 730,658 867,545 989,010
Minn. 323,475 380,557 448,187 503,437 569,694
Miss. 65,039 77,571 104,286 134,680 177,262
Mo. 346,437 392,523 476,598 540,500 604,166
Mont. 58,785 62,650 73,828 79,695 94,656
Nebr. 238,704 256,654 286,053 308,715 338,719
Nev. 10,821 12,116 15,699 18,118 21,169
N.-. 42,039 48,406 59,604 71,149 81,498
N.J. 272,994 342,286 430,958 504,470 580,554
N.7. 22,559 25,473 32,032 41,680 49,111
N.Y. 812,031 1,002,293 1,204,213 1,412,879 1,625,583
N.C. 148,627 182,550 246,812 302,232 340,287
N.D. 92,644 99,052 109,266 117,346 144,972
Ohio 720,634 858,716 1,069,100 1,241,600 1,346,400
Okla. 221,300 249,659 307,000 369,903 424,345
Ore. 118,198 134,125 165,962 192,615 216,553
Penna. 689,589 829,737 1,043,770 1,228,845 1,330,433
R.I. 54,608 66,083 76,312 95,482 101,756
S.C. 89,836 95,239 127,467 161,753 168,496
S.D. 119,274 125,241 131,700 142,396 168,028
Tenn. 117,025 135,716 173,365 204,680 244,626
Texas 467,616 526,238 688,233 801,833 975,083
Utah 47,485 49,164 59,525 68,316 90,500
Vt. 37,265 43,881 52,776 61,179 69,576
Va. 139,200 168,000 218,896 261,945 282,650
Wash. 185,359 210,716 258,264 295,443 328,442
W. Va. 93,940 112,763 157,924 191,085 217,589
Wisc. 341,841 382,542 457,271 525,221 594,386
Wyo. 26,866 30,637 39,381 43,639 47,711
U.S. 10,463,295 12,238,375 9177 17,593,677 19,954,347
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TABLE VIII (cont.)
TOTAL MOTOR VEHICLE REGISTRATIONS BY STATES, 1921-37X
State 1926
225,930
73,682
209,419
1,600,475
248,613
1927
243,539
81,047
206,568
1,693,195
268.492
1928
269,519
94,372
214,931
1,799,890
284.867
1929
285,533
109,013
233,128
1,974,341
303 489
1930
277,146
110,525
220,204
2,041,356
0RF 50
Conn. 263,235 ;81,521 309,792 328,063 331,026
Del. 44,834 47,124 51,210 54,960 56,109
D. C. 111,497 111,680 126,556 151,450 156,676
Fla. 401,562 394,734 352,961 345,977 327,801
Ga. 277,468 300,635 318,856 358,905 341,580
Idaho 94,760 101,336 108,154 118,074 119,077
Ill. 1,370,503 1,438,985 1,504,359 1,615,088 1,638,260
Ind. 772,326 813,637 823,806 866,715 875,763
Iowa 698,998 704,203 733,466 784,450 778,386
Kansas 491,276 501,901 533,799 581,223 594,523
Kent. 281,557 285,621 304,231 332,848 331,002
La. 239,500 455,000 264,293 280,868 275,283
Maine 151,486 163,623 172,638 184,506 186,157
Md. 252,852 276,863 285,311 319,873 321,702
Mass. 690,190 694,107 726,295 817,704 846,206
Mich. 1,118,785 1,154,773 1,249,221 1,395,102 1,328,209
Minn. 630,285 646,682 673,573 730,399 732,972
Miss. 205,200 218,043 246,242 250,011 237,094
Mo. 654,554 682,419 712,965 756,680 761,600
Mont. 103,958 112,735 126,035 140,387 135,168
Nebr. 366,773 373,912 391,355 418,426 426,229
Nevada 24,014 25,776 27,376 31,915 29,645
89,001 96,009 102,644 108,880 112,183
N.J. 651,415 712,396 758,430 832,332 852,850
N.M. 54,996 59,291 65,737 78,374 84,150
N.Y. I,815,434 1,937,918 2,083,942 2,263,259 2,307,730
N.C. 385,047 430,499 464,376 483,604 453,241
N.D. 157,822 160,701 173,525 188,046 183,019
Ohio 1,480,246 1,570,734 1,649,699 1,766,614 1,759,363
Okla. 499,938 503,126 529,843 570,791 550,331
Oregon 233,568 244,572 248,118 269,007 273,625
Penna. 1,455,184 1,554,915 1,642,207 1,733,283 1,753,521
R.I. 110,746 118,014 125,698 134,009 136,423
S.C. 181,189 199,635 216,805 231,274 218,402
S.D. 168,230 169,552 191,374 204,199 205,172
Tenn. 279,639 294,567 322,137 362,431 368,259
Texas 1,049,869 1,111,407 1,214,297 1,348,107 1,365,896
Utah 85,380 93,974 98,541 112,661 113,997
Vt. 74,063 79,527 86,231 93,030 86,624
Va. 322,614 337,607 360,545 387,205 375,889
Wash. 363,2
W. Va. 227,836
Wisc. 662,282
Wyo. 49,883
U.S. 22,t1393
384,583
245,819
698,289
51955 5
23,133,241
4V,75
251,556
742,135
56,336
24,493,124
44241 a
268,888
793,502
60,680
2g6,4601,t443
446V , v62
266,273
782,562
61,501
6545,281
Ala.
Ariz.
Ark
Calif.
Colo.
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TABIE VIII (cont.)
TOTAL MOTOR VEHICLE RGISTRATIONS BY STATES, 1921-377
State 1931
246,465
105,572
180,731
2,043,281
308,458
1932
225,846
94,935
136,583
1,974,932
286,211
1933
206,361
89,496
188,242
1,971,929
266.491
1934
225,732
96,586
198,091
2,006,255
274 .231
1935
242,676
103,122
207,429
2,151,501
284 578
Conn. 354,821 321,580 314,751 351,846 366,827
Del. 55,202 52,341 51,099 54,240 56,560
D. C. 173,519, 161,176 149,790 163,070 171,464
Fla. 323,260 286,021 279,265 335,205 356,244
Ga. 320,840 287,716 330,147 376,993 394,096
Idaho 111,663 96,039 96,255 108,863 118,266
Ill. 1,612,770 1,489,147 1,463,050 1,456,241 1,525,817
Ind. 862,672 797,126 770,071 803,271 850,650
Iowa 748,438 682,905 632,292 666,440 699,016
Kansas 559,176 504,784 517,987 528,664 553,106
Kent. 327,326 291,309 294,547 332,067 346,130
La. 263,050 238,877 232,688 244,007 268,824
Maine 188,238 171,424 168,173 178,995 181,165
Md. 325,372 322,106 313,274 332,892 345,578
Mass. 840,190 801,317 789,788 785,392 785,572
Mich. 1,230,980 1,136,224 1,077,209 1,148,953 1,239,431
Minn. 720,401 682,953 679,243 697,672 726,993
Miss. 183,650 153,741 164,688 174,934 186,289
Mo. 752,805 717,460 698,362 739,813 766,369
Mont. 127,166 109,203 110,245 128,336 149,712
Nebr. 416,131 374,849 390,651 406,632 406,178
Nev. 32,168 31,378 28,324 32,230 34,858
N.I. 111,510 105,215 107,631 113,134 117,154
N.J. 869,867 854,782 845,734 864,641 888,292
N,M. 81,325 76,872 76,643 82,900 92,457
N.Y. 2,297,249 2,249,509 2,240,757 2,273,686 2,330,962
N.C. 428,737 376,326 382,308 432,421 463,123
N.D. 171,293 153,232 153,889 156,203 164,217
Ohio 1,710,625 1,589,322 1,554,314 1,613,265 1,714,627
Okla. 482,725 415,644 451,712 477,292 502,101
Ore. 278,225 258,762 239,410 272,102 297,112
Penna. 1,741,942 1,665,418 1,635,019 1,681,202 1,745,401
R.T. 137,878 133,408 136,261 142,394 148,597
S.C. 203,719 176,370 162,735 202,834 235,919
S.D. 193,025 162,096 169,249 169,975 179,271
Tenn. 350,520 298,713 312,180 336,313 351,898
Texas 1,297,301 1,197,443 1,201,762 1,312,152 1,382,104
Utah 108,958 97,234 100,362 101,926 106,006
Vt. 83,877 77,475 73,576 77,921 81,513
Va. 379,227 376,512 347,883 373,908 385,555
Wash. 420,878
W. Va. 253,308
Wise. 754,249
Wyo. 62,101
U.S. 25,832,884'
445,314 427,406
225,137 226,985
695,953 670,797
56,209 52,560
24,115,912 23,843,591
422,238 453660U
223,155 248,379
709,359 754,037
64,990 69,9982456-62 230,834
xxi
Ala.
Ariz.
Ark.
Calif.
Colo.
TABLE VIII (cont.)
TOTAL MOTOR VEHICLE REGISTRATIONS BY
1936
297,292
115,035
217,227
2,327,984
316,050
1936 X
271, 142'
115,035
219,783
2,327,029
316 051
STATES, 1921-37X
1937 %
300,126:
129,210
233,888
2,483,473
338.238
, ,Conn. 398,254 397,975 436,249
Del. 59,629 59,560 86,843
D.C. 181,319 181,319 183,665
Fla. 386,907 386,905 421,141
Ga. 410,583 411,126 442,444
Idaho 133,037 133,037 138,000
Ill. 1,659,750 1,668,121 1,777,341
Ind. 905,088 899,031 950,000
Iowa 728,414 725,924 742,726
Kansas 577,906 577,906 591,383
372,576
302,420
191,554
378,462
816,711
372,576
307,186
190,237
377,462
816,1801=
400,000
328,320
199,355
383, 523a-L
847,241'"
Mich 1,373,676 1,373,676 1,508,886
Minn. 783,627 783,627 822,069
iss. 205,890 203,456 224,579
Mo. 809,615 809,615 835,895
M'ont. 167,150 167,150 173,892
Nebr. 413,787 415,877 414,741
Nevada 38,509 38,509 40,655
N.H. 122,236 120,261 124,278
N.J. 943,412 943,412 994,497
N,M. 108,729 108,379 121,700
N.Y. 2.453.542 2,478,019 2,602,000
504,517
167,241
1,777,048
531.914
332,729
1,918,116
159,140
278,829
186,480
380,792
1,478,124
116,816
84,155
417,463
504,517
167,241
520,533
173,198
1,777,0482 1,867,7002
531.915 547.263
327,876
1,887,226
160,333
251,215*2
186,436
370,4742-
1,473,986
118,006
83,313
403, 787--
360,349
2,014,880
168,839
: 279,628*-±
184,717
383,964:
1,459,477
126,615
87,407
! 432,185
499,760
280,015
835,178
76,603
500,07620- 5 34,9119 E
254,172 290,624
821,605 865,189
76,917 81,802
U.S. 28,221,291 28,091,709 29,654,847
State
Ala.
Ariz.
Ark.
Cali f.
Colo.
Kent.
La.
Maine
M.d.
Mass.
N.C.
N.D.
Ohio
Okla.
Oregon
Penna.
R.I.
S.C.
S.D.
Tenn.
Texas
Utah
Vt.
Va.
Wash.
W. Va
Wisc.
Wyo.
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Notes on Table VIII
x 1 9 2 1- 3 6 figures: National Automobile Chamber of Com-
merce: Facts and Figures of the Automobile Industry, 1927
edition, p. 19; 1932 edition, p. 1b. Automobile Manufac-
turers Association, Inc.: Automobile Facts and Figures,
1937 edition, p. 17. Figures as of Dec. 31 from U. S.
Bureau of Public Roads.
xx1936-37 figures: Automotive Industries, Feb. 26,
1938, p. 250. 1936 figures from bo sources are given
to show how much the 1937 figures from the latter source
might differ from those from the other source.
Z1Maryland registrations prior to 1923 include non-
resident registrations.
tTwelve months ending Sept. 30.
-'*-Nine months ending Dec. 31.
-- Twelve months ending Nov. 30.
Nine and one-half months ending Dec. 31.
TABLE IX
U. S. TRAILER REGISTRATIONS,
(Figures from the U. S. Bureau of Public
Year
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1925-36
Roads - incomplete)
Number
83,625
99,430
123, 451
148,169
193,044
262,507
349,930
412,998
475,559
619,717
731, 409
869,359
xNational Automobile Chamber of Commerce: Facts and Figures
of the Automobile Industry, 1932 edition, p. 37. Automobile
Manufacturers Association: Automobile Facts and Figures, 1937
edition, p. 56.
APPENDIX A xxiv
566
442
478
553 563 566
450
605
509
481
601
481
624
607
555
612
498
624
669
577
635
515
623
690
629
655
553
660
705
703
686
571
604
695
834
685
556
649 687 711 669
721 758 785 792
644 708 691 683
671 665 688 691
602 631 646 617
Conn. 516 502 512 506 511 568 588 617 708 699 762 788 725 734 737
Del. 459 444 446 516 541 593 642 690 732 787 768 797 834
D.C. 435 457 517 502 475 514 539 637 700 636 656 674
Fla. 608 614 646 740 714 628 637 647 698 718 731 738 707 739 744
Ga. 613 640 646 615 656 692 692 638 635 671 727
Ida. 416 427 463 467 517 535 546 543 604 612 624
Ill. 594 650 639 664 705 701 718
Ind. 396 430 472 499 521 558 553 570 579 584 621
Iowa 359 439 418 428 505 551 522 562 606 603 632
Kans. 490 539 591 621 651 695 695 675 716 741 547
Kent. 369 414 443 465 508 538 563 565 555 582 613
La. 565 595 639 629 671 715 695 701 732 692 703
Maine 410 457 476 521 585 617 646 640 654 667 695
Md. 466 475 503 510 567 581 602 610 611 629 638
Mass. 614 643 687 710 711 748 780 801
Mich. 481 514 539 563 615 667 673 687 681 696 664
Minn. 422 448 488 490 548 613 587 591 618 628 590
Miss. 516 540 525 566 572 669 700 702 751 791 787
Mo. 350 333 428 429 443 472 498 519 606 654 639 667 662 664 701
Mont. 467 472 590 564 573 594 622 633 666 643 633
Nebr. 417 454 507 538 537 548 531 498 549 558 539
Nev. 451 493 525 558 658 732 743 728 767 761 764
N.H. 437 476 470 536 577 613 625 612 625 631 662
N.J. 557 599 756 817 818 826 850 829 754
N.M. 451 518 560 584 650 642 609 631 678 674 700
N.Y. 655 708 706 688 690 691 676
N.C. 506 510 530 548 581 596 617 631 647 669 681
N.D. 482 551 676 662 656 670 639 648 659 731 615
Ohio 459 491 522 540 555 576 568 570 592 592 638
Okla. 429 500 530 554 587 622 645 609 629 652 667
Ore. 507 535 582 609 677 628 611 664 610 616 637
Penna. 323 327 370 395 404 445 462 533 530 610 625 641 676 671 666
R.I. 499 520 524 581 651 712 757 735 765 773 769
S.C. 497 510 507 513 546 595 592 688 652 613 578
S.D. 449 519 578 607 685 697 683 593 644 664 587
Tenn. 422 499 462 506 532 538 584 612 605 593 630 638 664
Texas 468 476 490 532 553 571 591 637 627 644 667 682 734
Utah 420 445 483 501 531 561 558 545 629 671 670
Vt. 373 417 433 473 543 586 605 600 623 631 685
Va. 443 494 509 538 608 644 610 671 693 732 758
Wash. 452 475 484 496 509 529 563 573 594 648 553 554 618 603 628
W. Va. 376 418 442 470 527 568 576 569 661 640 645
Wise. 406 449 481 496 560 604 587 578 593 587 585
Wyo. 465 504 565 568 595 636 630 675 677 707 735
444 442 446 476 505 544 569 596 625 656 651 664 691 696 717
Ala.
Ariz.
Ark.
Calif.
Colo.
APPEIDIX A
TABLE X
INDICATED MOTOR FUEL CONSUMPTION PR MOTOR VEHICLE,
BY STATES, 1922-36
State '22 '23 '24 '25 '26 '27 '28 '29 '30 '31 '32 '33 '34 '35 '36
U. S4'
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Notes on Table X
XBased on Tables VI-A, VI-B, and VIII.
Based on Bureau of Mines demand figures instead of state
gasoline figures.
TABLE XI
U. S. GASOLINE PRICES AND TAXES, 1 9 1 9 - 3 7X
(Figures from American Petroleum Industries Committee)
50 Representative Cities
Average First of Month, in Cents
Service
Stati on
Price
(Excl. Tax)
25.41
29.74
26.11
24.82
21.06
19.46
20,09
20.97
18.28
17.90
17.92
16.16
12.98
13.30
12.41
13.64
13.55
14.10
14.40
Average
State and
Federal
Gasoline
Tax
.06
.09
.20
.38
.91
1.48
2.11
2.41
2.81
3.04
3.50
3,79
4,00
4.63
5.41
5.20
5.29
5.35
5.39
per Gallon
Service
Stati on
Price
(Incl. Tax)
25,47
29.83
26.31
25.20
21.97
20.94
22.20
23.38
21.09
20.94
21.42
19.95
16.98
17.93
17.82
18.84
18.84
19.45
19.79
xSource: Automobile Manufacturers Association, Inc.:
Automobile Facts and Figures, 1937 edition, p. 32. The
1937 figures are computed from prices, exclusive of tax,
given in Oil & Gas Journal, Jan. 27, 1938, p. 69, by adding
tax as of first of each month and averaging. Average does
not include local taxes. Federal tax was le from Jan. 21,
1932 to Jan, 16, 1933, lj-g from Jan, 17, 1933 to Dec. 31,
1933, and l% thereafter.
Year
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
APPENDIX A xxyli
TABLE XII
DEFLATION OF GASOLINE PRICES
Retail
Gasoline)
PriceZ*
26.31%
25. e 0%
21.97%e
20.94%e
22.20%
23.38%e
21.09%e
20.94%
21.42g
19.95%e
16.98%e
17.93%e
17.82%e
18.84%e
18.84%e
19.45%&
19.79%
N.I.C.B.
Cost of
Living Inde ''
(1923 ::100f'
102.3
97.4
100.0
101.3
103.7
104.3
102.0
100.6
100.1
9607
87.2
77.9
74.9
79.4
82.6
84.8
88.5
Deflated
Price
25.72
25.87
21.97
20.67
21.41
22.42
20.68
20082
21.40
20.63
19.47
23.02
23.79
23.73
22.81
22.94
22.36
rom Table
4C ombined index of cost of living in the U.S., compiled
by the National Industrial Conference Board, published by
U. S. Bureau of Foreign and Domestic Commerce in Survey of
Current Business. Figures for 1920-35 in Dec., 1036 issue,
p. 19; for 1936 in Feb., 1937 issue, p. 23; for 1937 in Feb.,
1938 issue, p. 23.
Year
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
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TABIE XIII-A
AVERAGE ANNUAL GASOLINE PRICES IN MAjOR
IN SELECTED STATES, 1924-37
CITIES
Los
Year Angeles Fresno
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
18.3
17.7
19.1
18.9
20.5
21.7
21.6
15.4
16.4
17.2
16.5
15.5
16.5
17.9
Wash-
Year ington
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
20.4
21.3
22.7
21.0
20.9
19.8
17.0
14.1
15.4
15.2
15.1
15.7
16.1
16.0
19.8
20.3
21.0
19.6
21.0
22.2
22.1
15.9
17.2
1806
18.1
17.4
1707
19.3
Jack-
son-
ville
21,5
23.8
24.0
20.6
22.3
24.2
21.1
1806
19.1
20.8
2101
20.5
20.2
San
Fran-
cisco
19.3
19.8
20.6
19.6
21.0
22.2
22.1
15.9
16.9
18.6
18.1
1706
17.2
18.4
Miami
23.4
25.8
26.0
22.6
25.2
22.9
20.6
21*0
21.3
21.1
20.5
21.4
Hart-
ford
23.8
2402
22.9
20.7
20.0
1901
15.6
16.2
16.2
16.2
1601
New
Haven
24.1
24.3
22.1
20.7
19.6
19.2
16.0
1603
16.1
15.9
16.0
Pensa-
cola
21.5
23.8
24.0
19.9
21.9
23.9
21.4
18.6
1907
20.6
21.1
20.4
20.2
21.4
23.8
23.1
21.6
23.8
24.3
20.3
19.9
20.1
19.9
19.7
21.0
23.5
Wil
Dover mington
22.7
23.3
2307
22.4
21.8
20.8
20.2
16.3
17.1
16.3
17.2
17.6
Detroi t
18.7
21.7
22.9
1906
19.9
20.2
17.8
14.4
13.2
16.0
18.1
16.9
2207
23.3
23.7
22.4
21.8
20.8
20.2
16.3
17.1
15.8
16.7
16*8
Grand
Rapids
18.6
21.6
22.8
18.8
20.0
20.1
1807
15.4
16.2
16.3
17.4
17.4
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rTABLE XIII-A (cont.)
AVERAGE ANNUAL GASOLINE PRICES IN MAJOR CITIES
IN SELECTED STATES, 1924-37
Year Saginaw
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
18.8
21.8
23.0
20.2
20.3
20.3
18.2
15.4
1505
1605
1706
1801
St.
Loui s
17.7
20.9
22.0
1805
18.0
1802
16.9
13.3
14.1
13.5
15.4
16.6
Kansas
Ci ty
18.3
21.2
23.0
18.3
18.5
19.2
17.7
14.o6
15.4
15.1
16.3
16.1
St.
Joseph
17.8
21*0
22.2
18.8
1800
18.8
16.7
13.2
14.7
13.6
15.7
16.5
Pitts-
burgh
22.6
23.3
23.7
22.1
21.8
21.3
20.7
16.3
17.2
16.3
17.3
18.1
19.0
19.9
Phila- Allen-
delphia town
22*7
23.3
23.7
20.8
21.6
21.3
20.7
15.8
16.3
15.1
16.2
17.2
17.5
17.4
22*8
23.3
23.7
22.1
21.8
2103
20.7
16.2
17.1
16.3
17.0
17.6
Scran-
Year Erie ton
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
23.3
22.2
19.2
20.1
18*3
18.9
16.3
17.0
1603
17.1
16.8
22.7
2303
23.7
2201
21.8
2103
20.7
16.2
17.1
16.3
17.3
17.5
Provi-
Altoona dence
22*7
23.3
23.7
22.1
21.8
21.3
20.7
16.3
17.2
16.3
17.3
1801
23.3
22.7
20.6
20.4
18.5
17.3
14.3
14.6
15.8
14.4
14.3
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Bristol
22.0
2201
25.1
22.2
22.3
22.o7
20.9
19.7
20.4
20.7
19.7
20.6
Chatta-
nooga
19.9
21.8
24.4
2206
21.9
22.7
20.5
19.1
20.8
20.9
21.1
22.3
Knox-
ville
2105
22.8
24.6
2206
22.9
20.5
19,7
21.3
2105
21.8
22.9
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TABLE XIII-A (cont.)
AVERAGE ANNUAL GASOLINE PRICES IN MAJOR CITIES
IN SELECTED STATES, 1 9 2 4 - 3 7X
Year remphis
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
17.7
20.0
22.4
1801
19.4
2104
18.7
1605
18.5
20.0
19.9
21.1
2203
Nash-
ville
19.9
21.4
23*3
20.8
21.0
21.5
19*4
18.6
20.4
20.7
19.3
22.0
El
Dallas Paso
17.3
20.3
18.6
17.2
1807
19.7
1806
15.8
17.0
17.0
17.3
16.3
17.3
17.1
17.6
20.5
20.4
17.7
19.1
1906
20.0
17.3
17.4
17.8
19.8
18.5
Fort
Worth
16.7
18.9
17.6
16.3
17.9
18.0
18.0
14*7
17.0
17.0
17.4
16.3
17.2
17.6
San
Houston Antonio
18.6
20.1
1907
17.6
18.6
18.8
18.8
16.0
16.9
16.8
17.3
17.0
18.1
18.5
16.4
1804
18.2
16.5
17.3
18.6
18.0
1601
17.2
1706
1803
1707
1801
18 3
Year Seattle Spokane
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
20.2
19.8
20.6
19.6
20.5
22.2
2203
17.8
18.1
20.3
21.0
20.2
19.7
20.9
24.2
23.8
24.6
23.5
2405
26.2
25.8
21.1
22.5
23.2
24.1
23.1
22*7
23.9
Tacoma
20.2
19.8
20,6
19.6
20.5
22.2
22.1
1707
18.0
2003
21.0
20.2
19.7
20.9
xxxi
7TABLE XIII-B
STATE GASOLINE PRICES, 1924-37
(Averages of average annual city prices)
Connect-
icut
24.0
24.3
22.5
20.7
19.8
19.2
15.8
16.3
16.1
16.0
16.0
Penn-
sylvania
22.7
23.3
23.4
21.4
21.5
20.8
20.4
16.2
17.0
16.1
17.0
17.6
Dela-
ware
22.7
23.3
23.7
42.4
21.8
20.8
20.2
16.3
17.1
16.0
16.9
17.2
Rhode
Island
23.3
22.7
20.6
20.4
18.5
17.3
14.3
14.6
15.8
14.4
14.3
D. C.
20.4
21.3
22.7
i1.0
20.9
19.8
17.0
14.1
15.4
15.2
15.1
15.7
16.1
16.0
Tennes-
see
20.2
21.6
24.0
21.3
21.3
22.2
20.0
18.7
20.3
20.8
20.4
21.8
Florida
22.0
24.3
24.3
21.2
23.0
24.4
21.4
19.4
20.0
20.6
20.8
20.6
21.3
Texas
17.3
19.6
18. g
17.1
18.3
18.9
18*7
16.0
17.1
17.2
18.0
17.2
17.7
17.9
Mich-
igan
18.7
21.m6
22.8
19.5
20.1
20.2
18.2
15.1
15.0
16.3
17.7
17.5
Wash-
ington
21.5
21.1
21.9
20.9
21.8
23.5
23.4
18.9
19.5
21.3
22.0
21.2
20.7
21.9
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Calif-
ornia
19.1
1903
20.2
19.4
20.8
22.0
21.9
15.7
16.8
18.1
17.6
16.8
17.1
18.5
Miss-
ouri
17.9
21.0
22.4
18.5
18.3
18.7
17.1
13.7
14.7
14.1
15.8
16.4
Year
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
Year
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
APPENDIX A xxxii
Notes on Tables XIII-A
and XIII-B
x
Average annual city prices were calculated as follows:
Quotations were obtained from the Oil Price Handbook, publish-
ed by the National Petroleum News PuTisi ng Co, on service
station prices, including federal, state, and local taxes,
of standard grade gasoline. The quotations were the posted
prices of the major oil company marketing in each territory.
The annual average for each city was obtained by averaging
the 36 prices prevailing on the 10th, 20th, and 30th of
each month. For 1935, however, the 53 weekly quotations,
as listed in the Handbook, were averaged.
No seasonal weights were used because no figures on
seasonal variations in consumption in the individual cities
are available, although state figures might be used. The
error due to lack of seasonal weighting is only slight,
however, perhaps .1e to .2e (See p.33 ). Neither were
the city prices weighted to obtain sT&Te prices for no
weights, other than estimates, are available for each year
during the period, except auto registrations, and the use
of these has several disadvantages. Furthermore, it was
believed that allowing smaller cities to play a dispropor-
tionate share in determining the average state price would
somewhat compensate for the lack of quotations from towns
and villages where prices are usually higher than in larger
cities (or at least there would be a compensatory effect
when the prices in smaller cities were higher than in larger
ones, which is usually the case), and also would compensate
for the smaller proportion of smaller cities included (for
the total population of cities of different size groups,
except the largest size group, does not vary greatly).
Discontinuance of operation of service stations by the
major oil companies is the reason for quotations for 1935
and 1936 being incomplete. Retail price quotations are still
available for many cities, however, since the American Petro-
leum Institute still compiles its average-of-50-cities
monthly price.
TABLE XIV
AVERAGE PRICES OF GASOLINE IN 164 CITIES IN 1935
(Based on Oil Price Handbook)
Averages of 53 Weekly Price Quotations
ALABAMA
Bi rmi ngham
Mobile
Montgomery
ARIZONA
Phoenix
ARKA.NSAS
Fort Smith
Little Rock
Texarkana
CALIFORNIA
Fresno
Los Angeles
San Francisco
C OLORADO
Denver
Pueblo
Grand Junction
CONNECTICUT
Danbury
Hartford
New Haven
DELAWARE
Dover
Wilmington
D. C.
Washington
FLORIDA
Jacksonville
Mi am i
Tampa
Pensacola
22.66
21.25
23.33
20.25
17.62
20.09
17.07
17.35
15.48
17.58
20.00
19.60
21.88
16.22
16.05
15.99
17.63
16.77
15.73
20.53
20.53
20.36
21.04
GEORGIA
Mac on
Atlanta
Augusta
Savannah
IDAHO
Boise
Twin Falls
ILLINOIS
Chicago
Decatur
Joliet
Peoria
Quincy
INDIANA
Indianapoli s
Evansville
South Bend
IOWA
Davenport
Des Moines
Mason City
Sioux City
KANSAS
Wichita
Kansas City
KENTUCKY
Loui svi lle
Lexington
Paducah
Covington
' per gal.
21.62
21.25
21.19
20.06
24.50
24.78
16.62
16.29
16.31
15.77
16.94
19 .01
18.48
19.12
17.03
17.26
17.31
17.07
15.37
16.09
19.78
20.84
19.42
18.92
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TABLE XIV (cont.)
AVERAGE PRICES OF GASOLINE IN 164 PLACES IN 1935
(Based on Oil Price Handbook)
Averages of 53 Weekly Price Quotations
LOUISIANA
Alexandria
Baton Rouge
New Orleans
Lafayette
Lake Charles
Shreveport
MAINE
Bangor
Portland
MARYLAND
Annapolis
Baltimore
Cumberland
MASSACHUSETTS
Boston
Fall River
Springfield
Worcester
MICHIGAN
Detroit
Grand Rapids
Saginaw
MINNESOTA
Minneapolis
Duluth
Mankato
MISSISSIPPI
Jackson
Vicksburg
$e per gal.
20.63
19.69
20.24
21.07
21.02
18.60
18.68
17.95
18.19
17.68
19.05
16.08
15.70
16.46
16.09
16.88
17.42
18.07
17.23
17.91
17.25
20.92
19.71
MISSOURI
St. Louis
Kansas City
St. Joseph
MONTANA
Billings
Butte
Great Falls
Helena
NEBRASKA
Omaha
McCook
Norfolk
North Platte
Scottsbluff
NEVADA
Reno
NEW HAMPSHIRE
Concord
Lancaster
Manchester
NEW JERSEY
Atlantic City
Newark
NEW MEXICO
Roswell
Santa Fe
Albuquerque
# per gal.
16.63
16.09
16.51
22.38
23.04
22.65
24.01
19.17
19.78
19.57
19.90
20.64
20.15
18.74
20.18
18.05
17.00
16.64
20.85
22.29
21.76
Ixxy
TABLE XIV (cont.)
AVERAGE PRICES OF GASOLINE IN 164 PLACES IN 1935
(Based on Oil Price Handbook)
Averages of 53 Weekly Price quotations
NEW YORK
Manhattan
Bronx
Brooklyn
Queens
Richmond
Albany
Binghamton
Buffalo
Jamestown
Plattsburg
Rochester
Syracuse
NORTH CAROLINA
Charlotte
Hickory
Mt. Airy
Raleigh
Sali sbury
NORTH DAKOTA
Fargo
Minot
OHIO
Cleveland
Cincinnati
Toledo
C olumbus
Akron
Dayton
Youngstown
Canton
Lakewood
Springfield
per gal.
17.85
17.85
17.37
17.35
17.83
17.41
18.08
15.18
17.86
18.47
16.46
17.09
21.11
21.56
21.33
21.11
20.46
18.54
19.74
18.53
18.13
18.53
18.00
18.53
18.13
18.53
18.53
18.53
18.13
OKLAHOMA
Muskogee
Oklahoma City
Tulsa
OREGON
Portland
PENNSYLVANIA
Philadelphia
Pittsburgh
Allentown
Erie
Scranton
Altoona
RHODE ISLAND
Providence
SOUTH CAROLINA
Charleston
Columbia
Spartanburg
SOUTH DAKOTA
Huron
TENNESSEE
Bristol
Chattanooga
Knoxville
Memphis
Nashville
Sper gal.
17.96
17.96
17.96
20.20
17.16
18.13
17.63
16.76
17.51
18.13
14.32
19.44
20.94
20.46
19.04
20.56
22.33
22.94
21.15
22.05
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TABLE XIV (cont.)
AVERAGE PRICES OF GASOLINE IN 164 PLACES IN 1935
(Based on Oil Price Handbook)
Averages of 53 Weekly Price Quotations
% per gal.
TEXAS
Dallas 16.34
El Paso 18.47
Fort Worth 16.30
Houston 17.00
San Antonio 17.72
UTAH
Salt Lake City 21.58
VERM-ONT
Burlington 19.72
Rutland 19.23
VIRGINIA
Danville 20.04
Norfolk 18.57
Petersburg 19.22
Richmond 19.11
Roanoke 20.06
WASHINGTON
Seattle 20.20
Spokane 23.07
Tacoma 20.20
WEST VIRGINIA
Charleston 18.49
Parkersburg 17.82
Wheeling 18.58
WISCONSIN
Green Bay 18.84
La Crosse 18.57
Milwaukee 17.55
VYMING
Casper 20.35
Cheyenne 20.35
Price Tax Price(% per' Rate less tax
gallon) (X per gal.) (cents)State
Alabama
Arizona
Arkansas
California
C olorado
22.41
20.25
18.26
16.80
20.49
8.33
6
5.83
4
5
14.08
14.25
12.43
12.80
15.49
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TABLE XV
GASOLINE PRICES, GASOLINE TAX RATES,
AND CRUDE PETROIEUI PRODUCTION BY STATES,
11,008
207,832
1.560
Connecticut 16.09 3.25 12.84
Delaware 17.20 4.5 12.70
D. C. 15.73 3 12.73
Florida 20.62 8.25 12.37
Georgia 21.03 7 14.03
Idaho 24.64 6 18.64
Illinois 16.39 4 12.39 4,322
Indiana 18.87 5 13.87 777
Iowa 17.17 4 13.17
Kansas 15.73 4 11.73 54,843
Kentucky 19.74 6 13.74 5,258
Louisiana 20.21 7.67 12.54 50,330
Maine 18.32 5 13.32
Maryland 18.31 5 13.31
Massachusetts 16.08 4 12.08
Michigan 17.46 4 13.46 15,776
Minnesota 17.46 4 13.46
Mississippi 20.32 7 13.32
Missouri 16.41 4 12.41
Montana 23.02 6 17.02 .603
Nebraska 19.81 5.67 14.14
Nevada 20.15 5 15.15
New Hampshire 18.99 5 13.99
New Jersey 16.82 4 12.82
New Mexico 21.63 6.67 14.96 20,483
New York 17.40 4.75 12.65 4,236
North Carolina 21.11 7 14.11
North Dakota 19.14 4 15.14
Ohio 18.36 5 13.36 4,082
Oklahoma 17.96 5 12.96 185,288
Oregon 20.20 6 14.20
Pennsylvania 17.55 4.5 13.05 15,810
Rhode Island 14.32 3 11.32
South Carolina 20.28 7 13.28
South Dakota 19,04 5 14.04
Tennessee 21.81 8 13.81
Texas 17.17 5 12.17 392,666
Utah 19.48 5 14.48 /
Vermont 19.48 5 14.48
Virginia 19.40 6 13.40
Washington
West Virginia
Wisconsin
Wyoming
U. S.
21.16
18.30
18.32
20.35
18.92
6
5
5
5
5.27
15.16
13.30
13.32
15.35
13.65
3,902
13,755
996,596
xxxi ii
19'35
Crude Oil
production
(000 bbls.)
APPENDIX A
XState prices,
city prices shown in
Tax rates incl
taxes for the year.
out the year. State
Figures, 1937 editio
following states cha
tion from Oil Price
Connecticut
Del Awarp
Nebraska
New York
Pennsylvania
xxxix
Notes on Table XV
including tax, are simple averages of
Table XIV.
ude federal, state, and average local
Federal tax was 1 cent per gallon through-
taxes given in Automobile Facts and
n, p. 33 (also in 1936 edition). The
nged tax rates during the year (informa-
Handbook, 1935):
-- 1 cent increase October 1
1 cent increase July 1
-- 1 cent increase March 1
1 cent decrease Sept. 26
1 cent increase Nov. 26
-- 1 cent increase April 1
-- 1 cent increase July 1
Arkansas state tax was 4 cents at Fort Smith, 4 cents at
Texarkana, and 6.5 cents at Little Rock and rest of state;
average of three cities, 4.83 cents. Local taxes included
were as follows:
Alabama (avg.
Birmingham
Mobile
Montgomery
1 1/3 cents) --
-- 1 cent city tax
-- 1 cent city tax
-- 1 cent city and 1 cent county tax
Florida (avg. - cent) --
Pensacola -- 1 cent city tax
Jacksonville, Miami, Tampa -- none
issouri (avg. 1 cent) --
St. Louis, Kansas City, St. Joseph -- 1 cent city
tax
New Mexico (avg. 0.67 cents) --
Albuquerque, Roswell -- 0.5 cent city tax
Santa Fe -- 1 cent city tax
Louisiana (avg. 1.67 cents) --
Alexandria, New Orleans, Lafayette, Lake Charles
-- 2 cents parish tax
Baton Rouge, Shreveport -- 1 cent parish tax
APPENDIX A xi
The prices, less taxes, are not of course the prices
that would prevail if there were no taxes, but they are
indicative of the differentials that prevail between states
for reasons other than tax differentials
Crude production figures for 1935 are from Bureau of
Mines: Crude Petroleum and Petroleum Products, pp. 1008-9.
Z production for Mississippi, Missouri, Tennessee, and
Utah not given separately. Total production in these states
in 1935 was 65,000,000 barrels.
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TABLE XVI
1930 POPULATION AND 1935 GASOLINE PRICES
FOR 164 INCORPORATED PLACES AND THEIR TRADING AREAS
Ci ty
Chicago
Brooklyn
Philadelphia
Manhattan
Detroit
Bronx
Los Angeles
queens
Cleveland
St. Louis
Baltimore
Boston
Pittsburgh
San Francisco
Milwaukee
Buffalo
Washington, D.C.
Minneapolis
New Orleans
Cincinnati
Newark
Kansas City, Mo.
Seattle
Indianapolis
Rochester
Louisville
Portland, Ore.
Houston
Toledo
Columbus
Denver
Atlanta
Dallas
Birmingham
Akron
Memphi s
Providence
San Antonio
Omaha
Syracuse
Dayton
City
Population
(Thousands)
3,376
2,560
1,951
1,867
1,569
1,265
1,238
1,079
900
822
805
781
670
634
578
573
487
464
459
451
442
400
366
364
328
308
302
292
291
291
288
271
260
260
255
253
253
232
214
209
201
Trading
Area
Population
(Thousands)
4,365
(N.Y. area)
2,847
10,901
2,105
(N.Y. area)
2,319
(N.Y. area)
1,195
1.o294-
949
2,308
1,954
1,290
743
821
621
882
495
759
(N.Y. area)
608
421
418
399
404
378
339
347
340
331
371
310
383
346
276
964
279
274
245
252
Price
($e per
gal.)
16.62
17.37
17.16
17.85
16,88
17.85
15.48
17.35
18.53
16.63
17.68
16.08
18.13
17.58
17.55
15.18
15.73
17.23
20.24
18,13
16.64
16.09
20.20
19.01
16.46
19.78
20.20
17.00
18.53
18.00
20.00
21.25
16.34
22.66
18.53
21.15
14.32
17.72
19.17
17.09
18.13
NIXA i
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
.91..
I
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TABLE XVI
(cont.)
1930 POPULATION AND 1935 GASOLINE PRICES
FOR 164 INC ORPORATED PLACES AND THEIR TRADING AREASX
City
Population
City (Thousands)
Trading
Area
Population
(Thousands)
42
43
44
45
Worcester
Oklahoma City
Richmond, Va.
Youngstown, Ohio
195
185
183
170
305
202
220
365
16,09
17.96
19.11
18.53
46 Grand Rapids 169 207 17.42
47 Hartford 164 471 16.05
48 Fort Worth 163 175 16.30
49 New Haven 163 294 15.99
50 Richmond, 'N.Y. 158 (N.Y. area) 17.83
51 Nashville 154 209 22.05
52 Springfield, Mass. 150 399 16.46
53 Scranton, Penna. 143 652 17.51
54 Des Moines 143 161 17.26
55 Tulsa 141 183 17.96
56 Salt Lake City 140 184 21.58
57 Jacksonville 135 149 20.53
58 Norfolk 130 273 18.57
59 Albany 127 425 17.41
60 Kansas City, Kans. 122 (K.C., Mo.) 16.09
61 Chattanooga 120 169 22.33
62 Erie 116 130 16.76
63 Spokane 116 129 23.07
64 Fall River 115 (Prov. area) 15.70
65 Wichita 111 119 15.37
66 Miami 111 132 20.53
67 Tacoma 107 147 20.20
68 Wilmington 107 164 16.77
69 Knoxville 106 136 22.94
70 Canton, Ohio 105 191 18.53
71 Peoria, Ill. 105 144 15.77
72 South Bend 104 147 19.12
73 El Paso 102 118 18.47
74 Evansville, Ind. 102 123 18.48
75 Duluth 101 155 17.91
76 Tampa 101 169 20.36
77 Allentown 93 322 17.63
78 Savannah 85 105 20.06
79 Charlotte, N.C. 83 1 28W. 21.11
80 Altoona, Penna. 82 114 18.13
81
82
Little Rock
St. Joseph, Mo.
82
81
113
99)
20.09
16.51
Rank
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Si ze
Price
(fe per
gal.)
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TABLE XVI
(cont.)
1930 POPULATION AND 1935 GASOLINE PRICES
FOR 164 INCORPORATED PLACES AND THEIR TRADING APEASX
City County
Population Population
(Thousands) (Thousands)City
Saginaw
Sioux City
Manchester
81
79
77
121
102
140/
Price(% per
gal.)
18.07
17.07
18.05
86 Binghamton 77 130' 18.08
87 Shreveport 77 125 18.60
88 Lakewood, Ohio 71 (Clev. area) 18.53
89 Portland, Me. 71 137 17.95
90 Springfield, Ohio 69 914 18.13
91 Roanoke 69 103"-i 20.06
92 Mobile 68 118 21.25
93 Atlantic City 66 102** 17.00
94 Montgomery 66 99 23.33
95 Covington, Ky. 65 94 18.92
96 Charleston, S.C. 62 101 19.44
97 Wheeling 62 190' 18.58
98 Davenport 61 155' 17.03
99 Charleston, W. Va. 60 10 " 18.49
100 Augusta 60 73 21.19
101 Decatur, Ill. 58 82 16.29
102 Macon, Ga. 54 77 21.62
103 Fresno, Calif. 53 144 17.35
104 Columbia, S.C. 52 88 20.94
105 Pueblo, Colo. 50 66 19.0
106 Jackson, Miss. 48 85 20.92
107 Phoenix, Ariz. 48 151 20.25
108 Lexington, Ky. 46 69 20.84
109 Jamestown, N.Y. 45 126 17.86
110 Joliet, Ill. 43 111 16.31
111 La Crosse, Wisc. 40 54 18.57
112 Butte, Mont. 40 60 23.04
113 Quincy, Ill. 39 63 16.94
114 Cumberland, Md. 38 79 19.05
115 Green Bay, Wisc. 37 70 18.84
116 Raleigh, N.C. 37 95 21.11
117 Paducah, Ky. 34 46 19.42
118 Muskogee, Okla. 32 66 17.96
119 Pensacola, Fla. 32 54 21.04
120 Fort Smith, Ark. 31 54 17.62
Baton Rouge, La.
Parkersburg, W. Va.
Great Falls, Mont.
31
30
29
68
57
41
1.6 9
17.82
22.65
83
84
85
121
122
123
1111
City
Bangor, Me.
Spartanburg, S.C.
City
Population
(Thousands)
29
29
County
Population
(Thousands)
92
116
126 Fargo, N.D. 29 49 18.54
127 Petersburg, Va. 29 47 19.22
128 Texarkana, Ark. 27 31 17.07
129 Albuquerque, N.M. 27 45 21.76
130 Concord, N.H, 25 56 18.74
131 Burlington, Vt. 25 47 19.72
132 Mason City, Iowa 23 38 17.31
133 Alexandria, La. 23 65 20.63
134 Vicksburg, Miss. 23 36 19.71
135 Danbury, Conn. 22 22 16.22
136 Danville, Va. 22 84 20.04
137 Boise, Idaho 22 38 24.50
138 Reno, Nevada 19 27 20.15
139 Cheyenne, Wyo. 17 27 20.35
140 Rutland, Vt. 17 48 19.23
141 Salisbury, N.C. 17 57 20.46
142 Casper, Wyo. 17 24 20.35
143 Billings, Mont. 16 31 22.38
144 MTinot, N.D. 16 34 19.74
145 Lake Charles, La. 16 42 21.02
146 Lafayette, La. 15 39 21.07
147 Mankato, Minn. 14 34 17.25
148 Plattsburg, N.Y. 13 47 18.47
149 Annapolis, Md. 13 55 18.19
150 North Platte, Neb. 12 26 19.90
151 Bristol, Tenn. 12 51 20.6
152 Helena, Mont. 12 18 24.01
153 Santa Fe, N.M. 11 20 22.29
154 Roswell, N.TM. 11 20 20.85
155 Huron, S.D. 11 23 19.04
156 Norfolk, Neb. 11 26 19.57
157 Grand Junction, Colo. 10 26 21.88
158 Twin Falls, Ida. 9 30 24.78
159 Scottsbluff, Neb. 8 26 20.64
160 Hickory, N.C. 7 44 21.56
161 McCook, Neb. 7 14 19.78
Mt. Airy, N.C.
Dover, Del.
Lancaster, N.H.
40
32
39
Rank
in
Si ze
124
125
Price(j per
gal.)
18.68
20.46
162
163
164
21.33
17.63
20.18
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TABLE XVI
(cont.)
1930 POPULATION AND 1935 GASOLINE PRICES
FOR 164 INCORPORATED PLACES AND THEIR TRADING AREASX
APPENDIX A xlv-a
Notes on Table XVI
Sources:-
City and county population figures from Fifteenth
Census of the United States: 1930, vol. I, Population.
Trading area population figures are populations of
metropolitan districts as given in Rand McNally Commercial
Atlas, 1935; or, for cities under 100,000 (in case trading
area is also under 100,000), county population figures
were used.
Prices are from Table XIV.
LCounty population.
L-±-Trading area population.
UNITED STATES
Total
No.
PlacesSize Group
1,000,000 -
10,000,000
500,000 -
1,000,000
Popu-
lation
(Thou-
sands)
5 15,064
8 5,764
SAMPILE - 1601- CITIES
No.
Places
Trading
Total Area
Popu- Popula-
lation t ion Z'.
(Thou- (Thou-
sands) a
5 15,063 22,537
5,763 10,554
250,000 - 500,000
100,000 - 250,000
50,000 - 100,000
25,000 - 50,000
10,000 - 25,000
5,000 - 10,000
2,500 - 5,000
1,000 - 2,500
Under 1,000
24 7,956
56 7,541
98
185
606
851
1,332
3,087
10,346
Other territory
(uninc. places)
6,491
6,426
9,097
5,897
4,718
4,821
4,363
44,637
16,598 122,775 160 36,646 56,922
'U.S. figures from Fifteenth Census of the United States:
1930, vol. 1, Population, p. 14. Sample figures from Table XVIT.
.- New York City counted as 1 city or incorporated place.
/=Trading areas are metropolitan districts, where population
of district is over 100,000; otherwise county populations used.
7,085
5,362
2,014
24
28
9,392
8,097
3,327
1,729
1,061
154
850
465
TOTAL
APPENDIX A xlv-b
TABLE XVTI
NUMBER AND TOTAL POPULATION BY SIZE GROUPS OF CITIES
AND UNINCORPORATED PLACES IN THE UNITED STATES
IN 1930, COMPARED WITH SAMPLE OF 160 CITIESX
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TABLE XVIII
INDEX OF FACTORY PAYROLLS IN THE UNITED STATES, 19 19-37X
(Monthly average 1923-25 = 100)
Monthly Averages
Old Series
98.3
118.2
76.9
81.6
103.3
96.0
100.7
103.7
101.7
102.4
109.1
88.5
67.4
46.4
49.4
62.8
71.2
82.4
Revised Series
97.4
117.1
76.2
81.3
103.3
96.1
100.6
103.8
101.8
102.4
109.1
88.7
67.5
46.1
48.5
62.9
71.3
82.4
98.0
xOld series: U. S. Bureau of Foreign and Domestic Com-
merce: Survey of Current Business, 1936 Supplement, p. 36,
or Jan., 1937 number, p. 20, for 1919-35 figures; April,
1937, p. 7, for 1936 figures.
Revised series: U. S. Dept. of Labor, Bureau of Labor
Statistics: Revised Indexes of Factory Employment and Pay-
rolls, 1919 to 1933, Bulletin fo. 610, p. 22, for 1919-33
figures; Survey of Current Business, March, 1937, p. 19, for
1934-36 figures; March, 1938, p. 69, for 1937 figures.
Year
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
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TABLE XIX
ANNALIST INDEX OF BUSINESS ACTIVITY IN THE U.S., 1923-37
(Computed normal - 100)
Year
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
Monthly
Average
(CombinedIn
108.4
99.5
106.2
108.4
105.7
107.4
112.6
96.4
82.5
67.8
77.1
80.1
86.4
98.8
102.9
xU. S. Bureau of Foreign and Domestic Commerce: Survey of
Current Business, Dec., 1936, p. 20, for 1923-35 figures;
The Annalist, Feb. 19, 1937, p. 300, for 1936 figure; Mar.
11, 1938, p. 367, for 1937. figure.
APPENDIX A
TABLE XX
COMPARATIVE ESTIMATES OF TOTAL NATIONAL INCOME
IN THE UNITED STATESX
Brookings
Institution
Per
Millions Cent
of of
Year Dollars 1929
Brook-
mire N. I. C. B.
Per
Millions Millions Cent
of of of
Dollars Dollars 1929
Department
of Commerce
Per
Millions Cent
of of
Dollars 1929
$66,825
74,599
59,618
72.7 60,195
68,279
66,750
73,243
77,497
77,286
82,364
79,886
71,212
59,175
45,838
44,641
51,568
55,236
60,536
$79,234 100
72,313 91
60,155
46,526
44,420
50,495
76
59
56
64
55,040 69 54,946
62,441
67,463
'Sources: Moulton, H.G.: Income and Economic Progress,
The Brookings Institution, p. 179; Brookmire Bulletins,
Inc.: Brookmire Special Reports, A-444, May 29, 1935, A-
492, May 25, 1937; Slaughter, John A.: Income Received in
the Various States, 1929-1935, N.I.C.B. Studies, No. 234,
pp. 28, 31; U.S. Bureau of Foreign and Domestic Commerce:
Survey of Current Business, Feb., 1938, p. 12.
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
$57,926
65,949
68,461
73,067
74,954
76,007
77,291
79,702
74,374
63,106
49,606
46,063
51,300
82.7
85.9
91.7
94.0
95.4
97.0
100.0
93.3
79.2
62.2
57.8
64.4
$78,226
72,729
61,459
48,329
44,955
51,219
100.0
93.0
78.6
61.8
57.5
65.5
70.2
79.8
86.2
xlytii
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TABLE XXI
INDEXES OF PAY ROLLS IN PElNSYLVANIA, 19 2 3 - 3 7 X
Index of
Factory
Pay Rolls
(1923-25 = 100)
106.7
95.0
98.3
102.7
97.0
93.1
102.1
85.0
60.4
40.7
43.6
56
63
78
95
Index of
General
Pay Rolls
(1932 = 100)
100
96
118
126
151
179
xFederal Reserve Bank of Philadelphia: The Business Re-
view. For description of indexes see Supplement to the
~B~6sTness Review, August, 1933.
Year
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
Xlix
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TABLE XXII
SELECTED REGIONAL TRADE BAROMETERS
Annual Averages of Monthly Figures,
(1928-32 = 100)
U. S.
115.1
124.2
107.1
89.2
64.4
63.0
71.3
80.1
90.3
95.8
18
lid.
and Va.
105.6
113.3
107.4
97.6
76.1
70.0
80.8
91.6
101.4
106.7
1
New
113.2
122.0
106.3
90.8
67.5
65.3
69.6
74.8
83.7
85.6
21
Florida
122.7
120.6
107.7
86.1
63.0
65.0
82.3
92.0
107.3
116.0
6
Phila-
delphia
114.8
124.3
106.3
89.2
65.4
63.7
70.4
77.7
86.4
90.6
24
Texas
117.4
127.3
105.9
85.0
64.4
66.5
80.5
89.9
103.7
113.2
7
Pitts-
burgh
115.1
124.7
110.7
88.5
61.0
60.7
69.7
77.3
89.5
98.6
27
Port. &
Seattle
116.7
127.3
110.0
86.7
59.4
55.9
66.5
77.2
92.7
96.7
1928-37
12
Detroit
121.3
134.3
102.4
82.7
59.2
49.0
64.8
79.8
92.7
102.8
28 29
San Los
Francis. Angeles
115.2
118.5
108.4
90.6
67.2
65.2
71.7
84.6
95.2
98.8
xFrom Dun's Review and from folder supplied by Dun & Brad-
street, Inc. See description and regional map on following
page. The indexes given are composites of bank debits, dept.
store sales, new car sales, and life ins. sales. The con-
struction of the indexes was described in the September,
1936, number of Dun's Review.
16
St.
Louis
116.8
122.4
104.3
89.9
66.6
64.3
72.1
79.3
87.7
94.1
Year
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
Year
1928
1929
1930
1931
1932
1933
1934,
1935
1936
1937
113.7
126.0
108.3
88.4
63.7
61.6
66.3
80.2
94.0
99.3
y
-~ -.-- ~ -~ -
APPENDIX A
REGIONAL TRADE
BAROMETERS
MONTHLY INDEX FIGURES, 1928-1936
These quantitative
prepared by Dr. L.
measures of regional consumer purchasing power are
D. H. Weld, Director of Research, M:CANN-ERICKSON,
INC., in co-operation with DUN & BRADSTREET, INC., and are
published monthly in DUN's REVIEW.
@@
LL NCO.~
's.55
This folder, giving the regional index figures
by months from 1928 to 193b, inclusive, has been
prepared for those who wish the figures for com-
pirisons with sales and for other similar uses.
On the last page is a note concerning the con-
struction of these regional indexes.
The regional boundaries have been set with
regard to customary trading areas and sales dis-
tricts generally used by large companies.
Those instances in which the regional lines
cut through States are for the most part easily
detected from the map. Cities near regional
boundary lines, whose regional location may be
in question, include: Bridgeport, Conn., is in
region 2; Trenton, N. J., region 6; Johnstown,
Pa., region 6; Youngstown, Ohio, region 7; Can-
ton and Lima, Ohio, region 8; Lexington, Ky.,
rvgion 9; South Bend, Ind., region ii; Peoria,
Ill., region i i; La Crosse, Wis., region 14; Quincy
and Springfield, Ill., region 16; Meridian and
Jackson, Miss., region 23; Albuquerque, N. M.,
region 25; Los Angeles, Cal., region 29.
.I
11
4
No. Region No. Region
I. New England 16. St. Louis
2. New York City 17. Kansas City
3. Albany and Syracuse 18. Maryland and Virginia
4. Buffalo and Rochester sg. North and South Carolina
5. Northern New Jersey 20. Atlanta and Birmingham
6. Philadelphia 21. Floridi
7. Pittsburgh 22. Memphis
8. Cleveland
o. Cincinnati and Columbus 23. N Orleans
ro. Indianapolis and Louisville 2
is. Chicago 25. Denver12. Detroit 26. Salt Lake City
13. Milwaukee 2;. Portland and Seattle14. Minneapolis and St. Paul 28 San Francisco15 Iowa and Nebraska 2(. Los Angies
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TABLE X=II
INDEXES OF DEPARTMYENT STORE SALES (1927-33)
AND OF RETAIL TRADE (1933-371
BY FEDERAL RESERVE DISTRICTS
Year U.S. Boston
1927
1928
1929
1930
1931
1932
1933
1933
1934
1935
1936
1937
106
108
110
102
91
69
67
66 ,
75
78
87
93
106
104
105
100
91
71
65
62
65
65
72
73
Phila-
New del- Cleve-
York phia land
(1923-25 = 100)
111
112
117
114
104
81
76
(1929
66
70
72
78
81
98
95
96
89
79
62
59
= 100)
61
65
68
76
79
104
103
105
93
82
59
59
59
67
71
83
91
Chi-
Year cago
1927
1928
1929
1930
1931
1932
1933
1933
1934
1935
1936
1937
112
117
119
104
90
67
66
St.
Louis
103
104
105
94
82
63
60
Minne- K
apolis
(1923-25
97
88
87
83
76
60
57
ansas
City
9 i -**
97
100
94
81
64
63
Dallas San F.
106
108
109
100
83
63
64
113
116
120
112
100
76
72
(1929 = 100)
53
63
67
77
83
57
65
66
78
83
66
73
78
88
89
63
73
77
89
92
60
72
77
91
98
60
65
71
78
82
Rich-
mond
105
106
110
107
100
81
77
70
82
88
97
101
At-
lanta
107
107
104
95
84
64
64
66
80
84
101
111
111
APPENDIX A liii
Notes on Table XXIII
Annual averages computed from monthly figures given
by Brookmire Bulletins, Inc., in its "Sales and Credit
Map."
*$-Base yearsof 1933-37 Retail Trade series for
United States are 1923-25 instead of 1929. Monthly
figures for United States series are adjusted for seasonal
variation; whether this adjustment affects the annual
average depends on the method of adjustment.
1925 equals 100 in case of Kansas City index of
department store sales.
TABIE XXIV
INDEXES OF DEPARTMENT STORE SALES
IN NEW ENGLAND STATES, 1924-37x
(1924 = 100)
New
Year England
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
100
102
105
106
104
105
101
92
73
66
70
70
77
79
Conn.
100
104
108
110
111
114
111
105
83
81
86
86
93
100
Maine Mass. N.H.
100
102
106
116
123
124
120
110
90
86
91
93
99
101
100
103
108
109
107
105
101
93
73
66
70
70
77
78
100
105
106
99
97
92
87
64
60
71
77
81
83
Ver-
R.I. mont
100
103
102
104
103
105
96
85
79
76
80
79
85
88
100
98
99
99
105
99
93
86
65
54
58
57
61
59
XComputed from percentage changes given in the Monthly
Review of the Federal Reserve Bank of Boston.
'1925 = 100.
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APPENDIX B
GLOSSARY OF SYMBOLS
APPITDIX B lvi
GLOSSARY OF SYMBOLS
X, - Motor fuel consumption.
M2 - Retail price of gasoline.
X3- Motor vehicle registrations.
X4 -Index of factory pay rolls.
X5 - Index of business activity.
X - Motor fuel consumption per motor vehicle.
x - Calculated trend figure of motor fuel consumption per
vehicle.
V1 - Link relative of consumption.
V2 - Link relative of price.
V3 - Link relative of registrations (A).
V - Link relative of factory pay rolls.
vn - VnVn, where Yn is mean Vn-
T - Year, as 1937.
t - Time in years since a given base year (TO)*
A - Link relative of registrations (= V3 )'
B - Trend ratio of consumption per motor vehicle.
a - Coefficient of t.
b - A constant.
r - Coefficient of correlation.
r13 - Coefficient of correlation between variables 1 and 3,
as X, and X3; r1 3 2 4 means variables 2 and 4 are
held constant.
- Standard deviation of variable 1, as X, or V1 .
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BIBLIOGRAPHY
American Petroleum Institute: Statistical Rulletin (for-
merly called the Bulletin), Feb. 23, 1938; car. 31,
1938; and various numbers from 1920 on.
The Annalist, Feb. 14, 1936; Feb. 19, 1937; T7ar. 11, 1938.
In the Feb. 14, 1936, number (p. 260ff.) appeared
an article entitled, "Gasoline Prices and Demand; Indus-
trial Production Forecasts Consumption." This article
emphasizes the effect of price on demand. It also ob-
serves that the Federal Reserve Board's index of indus-
trial production lags gasoline sales in major trends
by about two months. The comments on the importance
of prices are interesting and pertinent:
"For the most part existing studies either touch
lightly or avoid altogether the subject of prices and
their full relationship to volume of production and
consumption. Forecasts of domestic demand for gasoline,
as an example, are usually related to the general econ-
omic picture only in so far as the total number of cars
registered tends to bear a long-time trend relationship
to the number of gallons of gasoline consumed. The
total number of cars registered, moreover, is often as
hazardous to predict as gasoline consumption if there
were no known relationships between the two.
"In most discussions of the industry's current
nosition analysts and statisticians have emphasized
the importance of balancing "supply with demand" in
order to provide the industry with a more equitable
return for its Products. Too seldom, however, have
there been given accurate appraisals as to the effect
of price changes on consumption, and in turn, on the
balance between supply and demand. In other words,
price is generally emphasized as a result without
any regard to its causal relationship to other known
factors.
(lix)
BIBLIOGRAPHY
"Changes in the total volume of gasoline sold vary
not only with general business conditions and consumer
purchasing power, but also with selling prices. . . .
Throughout this entire period 1919 - 19361 the auto-
mobile and the petroleum industries have grown side by
side, with successive price reductions for their pro-
ducts creating additional consumer demand. This addi-
tional demand, in turn, has made possible further price
reductions by lowering unit costs and by spurring re-
search, inventions, and the quest for lower transporta-
tion costs.
"No one factor can be truthfully considered as a
cause alone or as an effect alone."
Automobile 7anufacturers Association: Automobile Facts and
Figures, 1934-1937. (Previously called Facts a
ures of the Automobile Tndustry. See"National Auto-
mobile Chamber of Co-mmerce.")
Automotive Industries, Feb. 26, 1938.
Rreakey, T. A.: "Gasoline Tax Refunds as a Source of Eoon-
omic Information," Oil and Gas Journal, Sept. 17, 1931,
T.95.
Breakey, T. A.: The 7easurement and Forecasting of Domestic
Kotor-Fuel Demand (Ph. D. Thesis, American University,
Washington, D. C., 1934).
In this thesis the author develops methods of
determining the number of motor vehicles in use, of
forecasting motor vehicles to be scrapped, of fore-
casting the short-time motor-fuel demand, and of estimat-
ing the long-time motor-fuel demand. rotor-fuel con-
sumption is broken up into bus consumption, truck con-
sumption, passenger-car consumption, and non-automotive
consumption. Bach use is studied separately. Tndexes
of bridge traffic, business activity, and consumption
per m1otor vehicle (based on estimated number of motor
vehicles in use) are correlated.
Brookmire Bulletins, Inc.: Brookmire Special Reports, A-
444, Uay 29, 1975; A-492, May 25, 1937.
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